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ABSTRACT 
ILLINOIS LEAST-COST SEWER SYSTEMDESIGN MODEL: ILSD-1&2 USER'S GUIDE 
ILSD models a r e  sewer sys tem models f o r  l e a s t - c o s t  op t ima l  d e s i g n  of t h e  
e n t i r e  system. ILSD-1 d e s i g n s  f o r  a  s p e c i f i e d  l a y o u t  t h e  s i z e  and s l o p e  of 
t h e  sewers w i t h  o r  w i t h o u t  d e t e n t i o n  s t o r a g e s  w i t h  u s e r  s u p p l i e d  r a i n f a l l  
a n d / o r  i n l e t  hydrographs.  ILSD-2 i s  s i m i l a r  t o  ILSD-1 bu t  a l s o  w i t h  r i s k  
c o n s i d e r a t i o n ;  i . e . ,  w i t h  t h e  r i s k  damage c o s t  inc luded  i n  t h e  o p t i m i z a t i o n  
p r o c e d u r e  and a  r i s k  e q u a t i o n  s u p p l i e d  by t h e  u s e r .  The u s e r  may choose  
e i t h e r  ILSD-1 o r  2  a s  he ( s h e )  wishes  and a c c o r d i n g  t o  t h e  a v a i l a b l e  d a t a .  
T h i s  u s e r ' s  gu ide  p rov ides  t h e  n e c e s s a r y  i n f o r m a t i o n  t o  u s e  t h e  computer 
program. Data p r e p a r a t i o n  f o r  v a r i o u s  o p t i o n s  t o  f i t  d i f f e r e n t  e n g i n e e r i n g  
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I. INTRODUCTION 
1  .1 Background -- 
I n  terms of e n g i n e e r i n g  a p p l i c a t i o n  purposes .  u rban  s to rm sewer  
s i m u l a t i o n  models can be c l a s s i f i e d  i n t o  two groups.  The l a r g e r  group 
c o n s i s t s  of f low p r e d i c t i o n  models whose purpose  i s  t o  p r e d i c t  o r  e v a l u a t e  t h e  
f l o w  due t o  i n p u t  ( u s u a l l y  r a i n f a l l )  i n t o  an  e x i s t i n g  o r  pre-determined sewer 
sys tem f o r  which t h e  s i z e  and s l o p e  of t h e  sewers  a r e  a l r e a d y  s p e c i f i e d .  The 
o t h e r  group i s  d e s i g n  models f o r  which a t  l e a s t  t h e  sewer s i z e s  and pe rhaps  
a l s o  t h e  s l o p e  and l a y o u t  of t h e  sewers  a r e  t o  be determined on t h e  b a s i s  of 
t h e  d e s i g n  inf low.  There  a r e  r e l a t i v e l y  few d e s i g n  models i n  e x i s t e n c e .  The 
most famous and s i m p l e s t  i s  t h e  r a t i o n a l  nethod.  A few models,  such a s  SWMM 
and ILLUDAS, were o r i g i n a l l y  developed a s  f low p r e d i c t i o n  models and have 
added t h e  r e q u i r e d  sewer s i z e  computat jon c a p a b i l i t y ,  making t h e n  pseudo 
h y d r a u l i c  d e s i p  models. However, s i n c e  d i f f e r e n t  sewers shou ld  be des igned  
f o r  d i f f e r e n t  r a i n f a l l  d u r a t i o n s  a s  amply d e n o n s t r a t e d  i n  t h e  r a t i o n a l  method 
(Yen and Cheng, 1980) ,  s e v e r a l  computer r u n s  a r e  r e q u i r e d  f o r  t h e s e  models t o  
complete  a  des ign .  I n  many c a s e s  t h e  f low p r e d i c t i o n  models r e q u i r e  h igh  
h y d r a u l i c  s o p h i s t i c a t i o n  i n  o r d e r  t o  o b t a i n  t h e  needed f l o w  p r e d i c t i o n  
accurscy .  Conversely ,  f o r  a  d e s i g n  model, because of t h e  d i s c r e t e  commercial 
p i p e  s i z e s  a c t u a l l y  u s e d ,  a  l e s s  s o p h i s t i c a t e d  h y d r a u l i c  scheve i s  u s u a l l y  
a c c e p t a b l e  and can s t i l l  p rov ide  s a t i s f a c t o r y  des igns .  
One s p e c i a l  subgroup of d e s i g n  models c o n s i s t s  of models w j  t h  t h e  objec-  
t i v e  of a c h i e v i n g  a lowes t  t o t a l  c o s t  d e s i g n  f o r  t h e  e n t i r e  sewer sys tem 
th rough  o p t i m i z a t i o n .  These models u s u a l l y  d e s i g n  f o r  t h e  s i z e  and s l o p e  of 
t h e  sewers and i n  some c a s e s  a l s o  f o r  t h e  sewer  l a y o u t .  The - I l l i n o i s  
Leas t -Cost  Sewer S y s t e n  Design Piodel (ILSD) i s  one of t h e  e a r l i e s t  and perhaps  
- - 
p r e s e n t l y  s t i l l  t h e  most p r a c t i c a l  l e a s t - c o s t  d e s i g n  model. ILSD a c t u a l l y  
c o n s i s t s  of f o u r  submodels (Yen e t  a l . .  1976; Yen, 147b):  
ILSD-1: o p t i m a l  d e s i g n  of sewer  s i z e s  and s l o p e s  w i t h  p rede te rmined  
l a y o u t  and w i t h o u t  r i s k  c o s t  c o n s i d e r a t i o n  i n  t h e  
o p t i m i z a t i o n .  
ILSD-2: same a s  ILSD-1 but  w i t h  r i s k  c o s t  c o n s i d e r a t i o n  i n c l u d e d  i n  
t h e  o p t i m i z a t i o n  
ILSD-3: o p t i m a l  d e s i g n  of sewer  s i z e s ,  s l o p e s  and l a y o u t  w i t h o u t  r i s k  
cos  t cons i d e r a  t i o n  i n  t h e  o p t i m i z a t i o n  
ILSD-4: same a s  ILSD-3 but  w i t h  r i s k  c o s t  c o n s i d e r a t i o n  i n c l u d e d  i n  
t h e  o p t i m i z a t i o n .  
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The program r e q u i r e s  a s  i n p u t  t h e  l a y o u t  of sewers a s  i d e n t i f i e d  by 
manhole nunhers ,  l e n g t h  of sewers ,  ground e l e v a t i o n  a t  manholes,  d e t e n t i o n  
s t o r a g e  r e s t r i c t i o n s ,  d a t a  on c o s t s ,  r e s t r i c t e d  e l e v a t i o n s  f o r  s e w e r s ,  
manholes and o u t l e t s ,  and o t h e r  c o n s t r a i n t s ,  i f  a p p l i c a b l e .  The i n f l o w  
hydrographs  a t  manholes can be i n p u t  by t h e  u s e r  a s  w e l l  a s  g e n e r a t e d  th rough  
h y d r o l o g i c  s i m u l a t i o n  of s u r f a c e  runof f  from r a i n f a l l  provided by t h e  u s e r .  
Areas  of d i f f e r e n t  l and  u s e s  and s o i l  c o n d i t i o n s  w i t h i n  t h e  b a s i n  and 
d i f f e r e n t  v a l u e s  of Planning's n  f o r  d i f f e r e n t  sewers  can a l s o  be s p e c i f i e d .  
I f  ILSD-2 i s  u s e d ,  a  r i s k  f u n c t i o n  and damage c o s t s  a r e  a l s o  r e q u i r e d .  
The ou tpu t  from t h e  program c o n s i s t s  of t h e  d iamete r  and s l o p e  of t h e  
sewer  p ipes  provided by t h e  d e s i g n ,  t h e  cor respond ing  upst ream and downstream 
i n v e r t  and crown e l e v a t i o n s  of t h e  p i p e s ,  t h e  minimum t o t a l  c o s t  of t h e  
network,  and t h e  volumes of d e t e n t i o n  s t o r a g e ,  i f  a p p l i c a b l e .  Var ious  o p t i o n s  
a r e  provided f o r  p r i n t o u t  of i n p u t  d a t a  on hydrographs .  hye tographs ,  and 
c o s t s ,  and f o r  computed subcatchment i n l e t  t ime  and i n l e t  hydrographs .  F o r  
ILSD-2 t h e  ou tpu t  a l s o  g i v e s  t h e  r i s k  of f l o o d i n g  due t o  inadequacy of t h e  
p i p e  c a p a c i t y  f o r  each sewer ,  and t h e  i n s t a l l a t i o n  c o s t  and expec ted  damage 
c o s t  f o r  t h e  e n t i r e  network. 
The s t a n d a r d  program can a c c e p t  up t o  50 manholes,  e x c l u d i n p  t h e  o u t l e t .  
No more t h a n  10 manholes a r e  al lowed a l o n g  t h e  l o n g e s t  d r a i n a g e  p a t h ,  i . e . ,  a  
maximum of 11 i s o n o d a l  l i n e s ,  and t h e r e  must be no more than  5  manholes hav ing  
a n  e q u a l  number of p i p e s  between them and t h e  o u t l e t ,  i. e .  , a maximum of 5  
manholes on each i s o n o d a l  l i n e .  The dimension s t a t e m e n t s  of t h e  propram can 
be  e n l a r g e d  t o  hand le  l a r g e r  sys tems.  Each manhole can have d e t e n t i o n  s t o r a g e  
a s s o c i a t e d  w i t h  i t .  
I n  a d d i t i o n  t o  sewers ,  j u n c t i o n s ,  manholes and i n l e t s ,  a  s t o r m  sewer 
systern may a l s o  c o n t a i n  r e g u l a t i n g  o r  o p e r a t i o n a l  d e v i c e s  such a s  g a t e s ,  
v a l v e s ,  w e i r s ,  o v e r f l o w s ,  r e g u l a t o r s ,  and pumpinp s t a t i o n s .  These d e v i c e s  do 
have arr e f f e c t  upon t h e  sys tem,  h y d r a u l i c a l l y  d i v i d i n g  i t  i n t o  a  number of 
subsystems and a f f e c t i n g  t h e  op t imal  des ign .  However, t h e s e  s p e c i z l  d e v i c e s  
a r e  not  consj  dered i n  t h e  o p t i m i a l  d e s i g n  model I1,SD-1&2 d e s c r i b ~ d  h e r e .  
The sewer sys ter~is  t h a t  can be handled by ILSD-162 ranges  f r o n  a  
con:pletely new network w i t h  a l l  sewers  t o  be des igned ,  t o  any m i x t u r e  of some 
new sewers and some e x i s t i n g  s e k e r s ,  t o  a  c o n p l e t e l y  e x i s t i n g  sewer  sys te r l  
w i t h  known p i p e  s i z e s  and no d e s i g n  of new p i p e s .  However, o n l y  t h e  new 
sewers  a r e  i n c l u d e d  i n  t h e  o p t i m i z a t i o n  and i n s t a l l a t i o n  c o s t  computat ions .  
The computer program i s  w r i t t e n  i n  F o r t r a n  I V  language.  The program a s  
p r e s e n t e d  h e r e  r e q u i r e s  f o r  a  CDC Cyber 175 sys tem a  compute s t o r a g e  c a p a c i t y  
of around 14,000 words o r  55K by tes .  The d e s i g n  node of t h e  program r e q u i r e s  
a n  e x e c u t i o n  t ime roughly  of t h e  o r d e r  of 114 s e c / p i p e  f o r  ILSD-1 and abou t  
112 s e c / p i p e  f o r  ILSD-2. 
1.3 A v a i l a b i l i t y  of Computer Program 
The computer program of ILSD-1&2 i s  r e l e a s e d  a t  c o s t  on magnet ic  t ape .  
Tapes a r e  u s u a l l y  r e l e a s e d  i n  1600 b p i ,  9 - t r a c k ,  EBCDIC, odd p a r i t y ,  l a b e l l e d  
f o r  CDC CYBER, IBM 4341 o r  compat ib le  computer systems.  Other  s p e c i f i c a t i o n s  
such a s  800 b p i ,  7 - t r ack ,  ASCII o r  u n l a b e l l e d  t a p e  may be  p o s s i b l e  a t  s p e c i a l  
r e q u e s t .  When o r d e r i n g  t h e  t a p e ,  a d d i t i o n a l  i n f o r m a t i o n  p e r t i n e n t  t o  t a p e  
implementa t ion such  a s  t h e  t y p e  (make) of computer would a l s o  be h e l p f u l .  
I n q u i r e s  s h o u l d  be s e n t  t o  D r .  B. C. Yen, Hydrosystems L a b o r a t o r y ,  Department 
of C i v i l  E n g i n e e r i n g ,  U n i v e r s i t y  of I l l i n o i s  a t  Urbana-Champaign, 208 N. 
Romine S t r e e t ,  Urbana,  I l l i n o i s  61801, USA. 
I t  i s  unders tood t h a t  t h e  program d e v e l o p e r s  bear  no r e s p o n s i b i l i t y  f o r  
t h e  consequences of u s i n g  t h e  program. The program can be d u p l i c a t e d  o n l y  
when t h e  source  ( t h e  Hydrosystems L a b o r a t o r y  of t h e  U n i v e r s i t y  of ~ l l i n o i s )  
i s  c l e a r l y  i d e n t i f i e d ,  and under  no c i rcumstances  can t h e  program be renamed, 
whether  modif ied  o r  i n  o r i g i n a l  form. and t h e n  r e l e a s e d  f o r  s a l e  w i t h o u t  
advanced agreement of t h e  deve lopers .  
I I. BRIEF DE SCRIPTION OF F4F.THODOLOGIE S  
I n  t h i s  c h a p t e r  a  b r i e f  d e s c r i p t i o n  i s  p r e s e n t e d  on t h e  t e c h n i q u e s  f o r  
sewer  network and catchment r e p r e s e n t a t i o n ,  i n l e t  hydrograph g e n e r a t i o n  from 
r a i n f a l l ,  sewer r o u t i n g ,  and o p t i m i z a t i o n .  
2.1 Sewer Network R e p r e s e n t a t i o n  
F o r  c l e a r  i d e n t i f i c a t i o n  of t h e  composi t ion ( c o n n e c t i v i t y )  of t h e  sewers  
i n  a  network sys tem and e f f i c i e n t  computer d i g i t a l  man ipu la t ion ,  a n  e f f e c t i v e  
means of r e p r e s e n t i n g  t h e  network i s  v e r y  impor tan t .  A node-l ink t e c h n i q u e  
can  be used e f f e c t i v e l y  i n  i d e n t i f y i n g  such  a  network. The l a y o u t ,  which is 
determined b e f o r e  u s i n g  ILSD-1&2, i s  i d e n t i f i e d  by t h e  l o c a t i o n  of t h e  
manholes ( j u n c t i o n s ) ,  i . e . ,  t h e  nodes. Each node i s  a s s i g n e d  a  number. 
D i f f e r e n t  nodes a r e  a s s i g n e d  d i f f e r e n t  numbers. A l i n k  i s  a  s e v e r  which 
connec t s  t h e   anh holes (nodes)  a t  i t s  two ends. T h e r e f o r e ,  a  sewer  ( l i n k )  i s  
u n i q u e l y  i d e n t i f i e d  by t h e  node nunbers a t  i t s  upst ream and downstream ends  
t o g e t h e r  wi th  t h e  s p e c i f i e d  sewer l e n g t h .  Two sewers  hav ing  t h e  same 
downstream node number i n d i c a t e  they  j o i n  t o g e t h e r  a t  t h e i r  down st re an^ end. 
Two sewers w i t h  t h e  downstream node number of one i d e n t i c a l  w i t h  t h e  upst ream 
node number of t h e  o t h e r  i m p l i e s  they  a r e  j o i n e d  i n  s e r i e s .  For  g r a v i t y  f low 
sy tems ,  sewers  a r e  g e n e r a l l y  s l o p e d  towards low ground s u r f  a c e  e l e v a t j  ons.  
Hence,  manholes l o c a t e d  a t  h i g h e r  ground e l e v a t i o n s  u s u a l l y  have sewer p i p e s  
c o n n e c t i n g  them t o  manholes a t  lower  ground e l e v a t i o n s .  T h i s  concept  g i v e s  
r i s e  t o  a  r a t h e r  s imple  approach of r e p r e s e n t i n g  a r b i t r a r y  sewer networks  f o r  
d i g i t a l  r a n i p u l a t i o n  on t h e  computer. 
F o r  computer d i p i t a l  ~ a n i p u l a t i o n  f o r  o p t i m i z a t i o n  and f l o w  r o u t i n g ,  a  
p o r e  o r d e r l y  d e s c r i p t i o n  of t h e  network t h a n  t h e  a r b i t r a r i l y  d e s i g n a t e d  node 
nu~zI)ers i s  necessa ry .  T h i s  i s  accomplished hy u s i n g  a  s e t  of imaginary  l i n e s  
c a l l e d  i s o n o d a l  l i n e s  (INL). These l i n e s  a r e  de f ined  such t h a t  they  pass  
th rough  manholes (nodes )  which a r e  s e p a r a t e d  from t h e  sewer s y s t e v  o u t l e t  by 
t h e  same number of sewers ( l i n k s ) .  F o r  example,  i n  F ig .  1  t h e  manholes on 
i s o n o d a l  l i n e  8 f o r  t h e  s imple  s t r e e t  s y s t e n  a r e  connected t o  t h e  o u t l e t  by 
t h r e e  sewers ( p i p e  l i n k s ) .  The i s o n o d a l  l i n e s  a r e  c o n s t r u c t e d  s t a r t i n g  a t  t h e  
o u t l e t  of t h e  sys tem and p roceed ing  ups t ream,  and a r e  numbered i n  t h e  r e v e r s e  
o r d e r  s t a r t i n g  k i t h  t h e  upst ream and p roceed ing  downstream a s  shown f o r  t h e  
example. The sub-number of t h e  n a c h o l e s  i n  an I N ,  can be a s s i g n e d  randomly. 
I n  ILSD t h e  u s e r  can a s s i g n  a n  a r b i t r a r y  nurfiber ( n o t  exceed ing  9999) t o  a  
manhole, but  a g i v e n  number i s  a s s i g n e d  t o  no more t h a n  one manhole. The 
ua~sdg lamas e 103 saur? TepouosI .T .%rd 
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i s o n o d a l - l i n e  d e s c r i p t i o n  f o r  d i g i t a l  m a n i p u l a t i o n  i s  accomplished th rough  
s o r t i n p  by t h e  computer. 
Advantapes of u s i n g  t h e  i s o n o d a l  l i n e s  and manhole numbering scheme 
i n c l u d e :  
( a )  t h e  burden of o r d e r i n g  t h e  c a l c u l a t i o n  i s  pl-aced upon t h e  computer;  
( b )  t h e  computer can r e a d i l y  c o n s t r u c t  a  network from a  s imple  i n p u t  
l i s t ;  
( c )  any a r b i t r a r y  m u l t i - l e v e l  b ranch ing  network can  be e a s i l y  d e s c r i b e d ;  
( d )  a  l a y o u t  change such a s  a d d i t i o n  of p i p e s  and manholes can be 
hand led  e a s i l y  by o n l y  n u ~ b e r i n y  pnd add inp  t h e  neb7 manholes which 
r e s u l t s  i n  o n l y  minor changes i n  t h e  i n p u t  deck. 
2.2 R a i n f a l l  I n p u t  
I1,SD-1&2 a l lows  d i r e c t  i n p u t  of i n l e t  hydrographs.  However, i n  most 
c a s e s  u s e r s  p r e f e r  t o  i n p u t  r a i n f a l l  and l e t  t h e  model g e n e r a t e  t h e  i n l e t  
hydrographs.  To s u i t  t h e  need of v a r i o u s  s i t u a t i o n s ,  f o u r  d i f f e r e n t  o p t i o n s  
of r a i n f a l l  i n p u t  a r e  provided i n  t h e  model: 
( 1 )  A r b i t r a r y  hye tographs  -- The u s e r  s p e c i f i e s  t h e  amounts of r a i n  i n  
s u c c e s s i v e  t i a e  i n c r e a e n t s .  The hye tograph  i s  a p p l i e d  t o  t h e  e n t i r e  
watershed.  
( 2 )  T r i a n g u l a r  hyetograph -- The u s e r  s p e c i f i e s  t h e  r a i n f a l l  d u r a t i o n ,  d e p t h ,  
and t h e  r e l a t i v e  peaking t i m e ,  a p  (F ig .  2) .  The s t a t i s t i c a l  expec ted  
v a l u e  of a u s u a l l y  ranges  from 0.2 t o  0.45. P  
F ig .  2.  T r i a n g u l a r  I n p u t  Hyetograph 
( 3 )  T r i a n g u l a r  hye tograph  from e q u a t i o n  -- The u s e r  s p e c i f i e s  t h e  d e s i g n  
r e t u r n  p e r i o d  and s u p p l i e s  t h e  r a i n f a l l  ave rage  i n t e n s i  ty -dura t  ion-re turn .  
p e r i o d  formula  f o r  t h e  des ign  l o c a t i o n  i n  one of t h e  f o l l o w i n g  two forms: 
i n  which 
C 1  and C 2  = c o n s t a n t  c o e f f i c i e n t s  
a and b = c o n s t a n t  exponents  
T r = r e t u r n  p e r i o d  i n  y e a r s  
t d  = d u r a t i o n  i n  min 
- 
i = average  r a i n f a l l  i n t e n s i t y  o v e r  t d ,  i n  i n . / h r  o r  mrn/hr 
The r a i n f a l l  d u r a t i o n  i s  computed i n  t h e  program a s  t h e  sum of t h e  t ime 
r e q u i r e d  t o  s a t i s f y  t h e  i n i t i a l  l o s s e s  of r a i n f a l l  t o  over land  s u r f a c e  
and a u s e r  s p e c i f i e d  d u r a t i o n  of r a i -n  e x c e s s ,  te ,  a s  shown i n  F i g .  3 ,  
i . e . ,  when te  2 t d  - tp  > 0 ,  
- & 
t d  = te + ( t p  ~ o s s / i )  
Time t 
F i g .  3 .  T r i a n g u l a r  Hyetograph 
o r  when t d  - tp > te > 0 ,  
1 Loss Loss  2 2 Loss 
- - ( t p + T ) + / $ ( t p + ~ )  + t  - t  
'd - 2 1 - e  P 1 i 
With t h e  computed r a i n  d u r a t i o n  t d  and g i v e n  r e t u r n  p e r i o d ,  t h e  
t r i a n g u l a r  hye tograph  i s  determined and a p p l i e d  t o  t h e  e n t i r e  d r a i n a g e  
bas  i n .  
( 4 )  D i f f e r e n t  t r i a n g u l a r  hye tographs  f o r  d e s i g n  of d i f f e r e n t  sewers  -- The 
u s e r  s u p p l i e s  t h e  r a i n f a l l  ave rage  i n t e n s i t y - d u r a t i o n - r e t u r n  p e r i o d  
formula  and s p e c i f i e s  t h e  d e s i g n  r e t u r n  p e r i o d  a s  i n  ( 3 ) .  S i m i l a r  t o  t h e  
r a t i o n a l  method, each  sewer has  i t s  own d e s i g n  d u r a t i o n  and hyetograph.  
The d u r a t i o n  i s  computed a s  t h e  sum of t h e  t ime  of c o n c e n t r a t i o n ,  t c ,  a t  
t h e  upst ream end of t h e  sewer  p l u s  t h e  t ime r e q u i r e d  f o r  r a i n f a l l  t o  
compensate f o r  t h e  i n i t i a l  l o s s e s  on t h e  over land  a r e a  cor respond ing  t o  
t h e  c r i t i c a l  f low p a t h  producing t c  ( a s  shown i n  F ig .  3  e x c e p t  r e p l a c i n g  
te by t c ) ,  i . e . ,  i f  t c  t d  - tp  > 0 , 
1 Loss 1 Loss 2 2 Loss - td = ?  ( t p  +-i7) + - ( t  + --7) + t - t 4 P 1 C P  1 
The t ime  of c o n c e n t r a t i o n  f o r  a  sewer  i s  t h e  l o n g e s t  of t h e  f l o w  t ime  from 
t h e  d i f f e r e n t  c o n t r i b u t i n g  ca tchments ,  i . e . ,  t h e  sun! of catchment i n l e t  
t ime  and t h e  sewer  f low t ime  t o  t h e  upst ream end of t h e  sewer be inp  
des igned .  The t r i a n g u l a r  hyetograph f o r  a  sewer  i s  a p p l i e d  t o  a l l  t h o  
catchments  d r a i n i n g  i n t o  t h e  sewer.  A catchment i s  d e f i n e d  h e r e  a s  t h e  
a r e a  d r a i n e d  by a n  i n l e t .  A d r a i n a g e  b a s i n  nay c o n t a i n  many cztchments .  
T h i s  r a i n  o p t i o n  i s  s p e c i f i c a l l y  provided f o r  s i z i n g  a l l  new sewers i n  a  
s i n g l e  computer run.  
2.3 Overland Runoff and I n l e t  Hydrographs 
F o r  a  dra ina-ge  b a s i n ,  ILSD-1&2 p e r m i t s  t h e  d i r e c t  i n p u t  of i n l e t  
hydrographs  t o  some o r  a l l  of t h e  ca tchments  s i m u l t a n e o u s l y  w i t h  i n l e t  
hydrographs  g e n e r a t e d  from r a . i n f a l 1  f o r  t h e  r e s t  of t h e  catchments i n  t h e  
bas in .  F o r  t h e  purpose of t r a n s f o r m i n g  r a i n f a l l .  i n t o  r u n o f f ,  t h e  over land  
su r fa -ce  of a  catchment i s  c l a s s i f i e d  i n t o  f i v e  c a t a g o r i e s :  
( 1  ) D i r e c t l y  c o n t r i b u t i n g  impervious  a r e a s  such a s  paved s t r e e t s ,  
s idewalks  , dr iveways ,  p a r k i n g  1st s t h a t  d r a i n  e i t h e r  th rough  t h e  
s t r e e t  g u t t e r  o r  d i r e c t l y  i n t o  t h e  i n l e t s ,  and a l s o  houses and 
b u i l d i n g s  tha.t d r a i n  d i r e c t l y  i n t o  t h e  i n l e t  o r  a  d i r e c t l y  
connec t ing  paved a rea .  
( 2 )  D i r e c t l y  c o n t r i b u t i n g  p e r v i o u s  a r e a s  such a s  g r a s s ,  permeable s o i l  
s u r f a c e ,  g r a v e l  s t r e e t s  t h a t  d r a i n  e i t h e r  through a  d i t c h  o r  
d i r e c t l y  i n t o  t h e  i n l e t .  
( 3 )  Supplementa l  impervious  a r e a s  t h a t  d r a i n  i n t o  a d i r e c t l y  
c o n t r i b u t i n g  p e r v i o u s  a r e a .  They do  not connect  d i r e c t l y  t o  
any i n l e t s  o r  g u t t e r s .  
( 4 )  Supplementa l  p e r v i o u s  a r e a s  t h a t  d r a i n  i n t o  a d i r e c t l y  
c o n t r i b u t i n g  impervious  a r e a .  
(5 )  Noncon t r ibu t ing  a r e a s  such a s  l o c a l  ponds and low l a n d s  t h a t  
do n o t  d r a i n  i n t o  t h e  i n l e t .  
I n  r e a l i t y , i n  a  catchment t h e r e  a r e  many d i f f e r e n t  p a r c e l s  of impervious  
and p e r v i o u s  are-as ,  and t h e y  a r e  connected i n  numerous d i f f e r e n t  ways. For  
p r a c t i c a l  r e a s o n s ,  these. a r e a s  a r e  lumped. t o p e t h e r  i n  each one of t h e  f i v e  
c a t e g o r i - e s  and a r e  cons ide red  t o  f o l l o w  two f low p a t h s  a s  shown i n  F i g .  4. 
One p a t h  i s  f o r  t h e  w a t e r  from t h e  supp lementa l  impervious  a r e a  t o  d r a i n  i n t o  
t h e  d i r e c t  pe rv ious  a r e a  and then. i n t o  t h e  i n l e t .  The o t h e r  p a t h  i s  from t h e  
supp lementa l  p e r v i o u s  a r e a  d r a i n i n g  i n t o  t h e  d i r e c t  impervious  a r e a  and t h e n  
i n t o  t h e  i n l e t .  The time-area. method i s  used t o  r o u t e  t h e  runof f  th rough  
t h e  d i r e c t  p e r v i o u s ,  supp lementa l  p e r v i o u s  , and d i r e c t  impervious  a r e a s .  The 
f low t ime of each of t h e s e  t h r e e  a r e a s  i s  e i t h e r  s u p p l i e d  by t h e  u s e r  o r  
computed i n  t h e  program w i t h  u s e r  s u p p l i e d  l e n g t h  and s l o p e  of t h e  1.onges t 
f l o w  p a t h  of t h e  a r e a .  The over land  f low t ime  i s  computed from t h e  f o l l o w i n g  
e q u a t i o n ,  
i n  which 
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v i r e c t  o r  gu t te r )  ( d i r ec t  or gu t te r )  
F i g .  4. Catchment S u r f a c e  Composit ion 
L = l e n g t h  of t h e  l o n g e s t  f low p a t h  of t h e  a r e a  i n  f t  (m) 
S  = average  s l o p e  of t h e  l o n g e s t  f l o w  p a t h  of t h e  a r e a  
n  = a  l a n d  s u r f a c e  roughness c o e f f i c i e n t ;  assumed e q u a l  t o  0.02 f o r  
impervious  a r e a  and 0.05 f o r  p e r v i o u s  a r e a  
K = a  c o n s t a n t ,  u n l e s s  s p e c i f i e d  by t h e  u s e r ,  e q u a l  t o  0.6 f o r  L i n  f t  
and to i n  min, and 1.2  f o r  L i n  m and to i n  min. 
The f l o w  t ime of t h e  supplementa l  impervious  a r e a  i s  assunied e q u a l  t o  z e r o  and 
t h e  r a i n f a l l  on  t h i s  a r e a  i s  t r a n s l a t e d  immediate ly  t o  the  ups t ream end 
of t h e  d i r e c t  p e r v i o u s  a r e a .  T h i s  s i m p l i f i c a t i o n  i s  made because ,  i n  
p r a c t i c e ,  i t  i s  o f t e n  r a t h e r  d i f f i c u l t  t o  e s t a b l i s h  t h e  f low p a t h  and e s t i m a t e  
t h e  f low time s a t i s f a c t o r i l y  f o r  t h e  s u p p l e n e n t a l  impervious  a r e a ,  and i t s  
f l o w  time i s  u s u a l l y  s h o r t  i n  comparison t o  t h a t  of t h e  d i r e c t l y  c o n t r i b u t i n g  
p e r v i o u s  a r e a .  
The i n l e t  t ime  of a  catchment which i s  used i n  t h e  d e t e r m i n a t i o n  of t h e  
r a i n f a l l  d u r a t i o n  ( i f  no t  s p e c i f i e d  by t h e  u s e r )  i s  t aken  a s  t h e  l o n g e r  of t h e  
f l o w  t ime of t h e  two p a t h s .  That  i s ,  t h e  l a r g e r  of 
i n  which the. s u b s c r i p t s  of to i n d i c a t e s  t h e  a b b r e v i a t i o n  of supp lementa l  
p e r v i o u s  ( s p )  , d i r e c t  impervious  ( d i  ) , and d i r e c t  p e r v i o u s  (dp ) , r e s p e c t i v e l y ;  
tp i  i s  t h e  t ime f o r  t h e  f l o w  p a t h  from supp lementa l  p e r v i o u s  t o  d i r e c t  
impervious  t o  t h e  i n l e t ;  and t ip i s  t h e  t ime f o r  t h e  f low p a t h  f rom 
supp lementa l  impervious  t o  d i r e c t  p e r v i o u s  and i n l e t .  The r e a s o n  of t a k i n g  
t h e  l o n g e r  one a s  t h e  i n l e t  t ime i s  a common h y d r o l o g i c  p r a c t i c e  w i t h  which 
presumably a l l  t h e  a r e a s  would c o n t r i b u t e  t o  t h e  peak flow. However, i n  some 
c a s e s  t h e  longer- t ime a r e a s  may have l i t t l e  c o n t r i b u t i o n  t o  t h e  runof f  because  
of h igh  a b s t r a c t i o n s  o r  r e l a t i v e l y  small s i z e .  To accoun t  f o r  such  r a r e  
c a s e s ,  t h e  f o l l o w i n g  supp lementa l  c r i t e r i a  a r e  a l s o  programmed i n t o  ILSD. I f  
t h e  c o n t r i b u t i o n  from t h e  p a t h  through t h e  d i r e c t  p e r v i o u s  a r e a  i s  i n s i g n i f i -  
c a n t ,  and hence tpi  i s  used a s  t h e  i n l e t  t ime.  The symbol A r e p r e s e n t s  t h e  
s i z e  of t h e  a r e a  and t h e  s u b s c r i p t s  a r e  t h e  same a s  i n  Eqs. 7a and b. 
Converse ly ,  i f  
t h e  c o n t r i b u t i o n  from t h e  p a t h  through t h e  d i r e c t  impervious  a r e a  i s  
i n s i g n i f i c a n t  and hence t ip  i s  t a k e n  as t h e  i n l e t  t ime.  
The f l o w  t ime  between t h e  i n l e t  end t h e  connec t ing  sewer j u n c t i o n  o r  
manhole i s  s m a l l  and neg lec ted .  A manhole can a c c e p t  z e r o ,  one ,  o r  more 
hydrographs  from d i f f e r e n t  i n l e t s  of d i f f e r e n t  ca tchments ,  some of t h e s e  
hydrographs  can be g e n e r a t e d  from r a i n f a l l  i n p u t  w h i l e  o t h e r  i n l e t  hydrographs  
can  be s u p p l i e d  by t h e  u s e r  d i r e c t l y .  The u s e r  may i n p u t  hydrographs  of 
a r b i t r a r y  shape  o r  t r i a n g u l a r  hydrographs  w i t h  e q u a l  o r  d i f f e r e n t  i n i t i a l  and 
f i n a l  base  f lows.  
The i n i t i a l  i n t e r c e p t i o n  and d e p r e s s i o n  l o s s e s  of r a i n f a l l ,  i f  no t  
s p e c i f i e d  by t h e  L1ser, i s  t a k e n  a s  0.1 i n .  (2 .5  mm) f o r  impervious  s u r f a c e s  
and 0.2 i n .  ( 5  mm) f o r  p e r v i o u s  s u r f a c e s .  The s o i l  type  f o r  p e r v i o u s  s u r f a c e s  
i s  c l a s s i f i e d  a c c o r d i n g  t o  USIIA S o i l  C o n s e r v a t i o n  S e r v i c e  (SCS) s o i l  groups  
A ,  B ,  C ,  and D ,  d e s i g n a t e d  h e r e  a s  t y p e s  1 ,  2 ,  3 ,  and 4 ,  r e s p e c t i v e l y .  The 
a n t e c e d e n t  l and  s u r f a c e  m o i s t u r e  c o n d i t i o n  i s  a l s o  c l a s s i f i e d  i n t o  f o u r  
g roups  a s  f o l l o w s :  
1 = bone d r y  
2 = r a t h e r  d r y  
3  = r a t h e r  wet 
4 = s a t u r a t e d  
A l l  of t h e s e  t h r e e  i t e m s ,  t h e  a n t e c e d e n t  s o i l  m o i s t u r e ,  s o i l  t y p e ,  and i n i t i a l  
l o s s e s  can be  s p e c i f i e d  f o r  t h e  e n t i r e  d r a i n a g e  b a s i n ,  o r  d i f f e r e n t  v a l u e s  
can  be s p e c i f i e d  f o r  i n d i v i d u a l  ca tchments .  However, f o r  t h e  two o p t i o n s  of 
r a i n f a l l  d u r a t i o n  computed a c c o u n t i n g  f o r  t h e  i n i t i a l  l o s s e s  a s  d i s c u s s e d  i n  
S e c t i o n  2.2 and shown i n  Fig .  3 ,  t h e  l o s s  used  i n  t h e  computat ion i s  t h e  
l a r g e r  of t h e  p e r v i o u s  and impervious  v a l u e s  f o r  t h e  e n t i r e  bas in .  
F o r  p e r v i o u s  s u r f a c e s  i n f i l t r a t i o n  i s  computed based on H o r t o n ' s  fo rmula  
i n  which 
f  = i n f  i l t r a b i l i t y  ( i n f i l t r a t i o n  c a p a c i t y )  
f o  = i n i t i a l  i n f i l t r a b i l i t y  of d r y  s o i l  
f c  = f i n a l  i n f  i l t r a h i l i t y  of s a . t u r a t e d  s o i l  
t = t ime  s t a r t i n g  from d r y  s o i l  i n f i l t r a t i o n  
k = c o n s t a n t  
A t  any t ime  i f  t h e  a v a i l a b l e  w a t e r  f o r  i n f i l t r a t i o n  i s  l e s s  t h a n  t h e  
i n f i l t r a b i l i t y ,  a n  ad jus tment  must be made i n  o r d e r  t o  compensate f o r  t h e  
d e f i c i e n c y .  Hence, i n  t h e  program t h e  cumula t ive  i n f i l t r a t i o n  from d r y  s o i l  
i s  used i n s t e a d  of Eq .  8. The cumula t ive  o r  i n t e g r a t e d  i n f i l t r a t i o n  of E q .  8 
i s  
I n  a  t ime inc rement  A t  from to t o  to + A t ,  
When t h e  r a i n f a l l  i n t e n s i t y  i s  l e s s  t h a n  t h e  i n f i l t r a b i l i t y ,  t h e  l a t t e r  may 
s t i l l  be s a t i s f i e d  i f  t h e r e  i s  s u f f i c i e n t  w a t e r  r e t a i n e d  on t h e  l and  s u r f a c e .  
I n  ILSD, t h e  a v a i l a b l e  s u r f a c e  r e t e n t i o n  w a t e r  i s  assumed e q u a l  t o  t h e  
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Table  2. Values of f c  and f o  i n  i n . / h r  (m.m/hr) f o r  p e r v i o u s  s u r f a c e  
I n f i l t r a t i o n  SCS S o i l  Type 
pa ramete r  A (  1 )  B ( 2 )  C(3 1 D(4) 
2.4 Sewer S i z e  and D e t e n t i o n  S t o r a g e  Computations and Hydrograph Rout ing  
The r e q u i r e d  d i a m e t e r  of a sewer i s  computed by u s i n g  Manning's formula  
assuming j u s  t - f u l l  g r a v i t y  f low 
i n  which 
Qp = peak d i s c h a r g e  of t h e  i n f l o w  hydrograph of t h e  sewer ,  cf  s o r  m3/s 
So = sewer  s l o p e  
n  - Manning's roughness f a c t o r  n ,  u s u a l l y  ranges  from 0.012 t o  0.016 
C = c o n s t a n t ,  e q u a l  t o  2.16 f o r  E n g l i s h  u n i t s  w i t h  dr i n  f t ,  and 3.21 
f o r  S I  u n i t s  w i t h  dr i n  m. 
The n e a r e s t  commercial p i p e  s i z e  no s m a l l e r  t h a n  dr i s  a d o ~ t e d  a s  t h e  s i z e  of 
t h e  sewer be ing  des igned.  
The i n f l o w  hydrograph of a  sewer  i s  oh ta ined  from conb in ing  a l l  t h e  
i n f l o w  hydrographs  i n t o  t h e  manhole a t  t h e  upst ream end of t h e  sewer ,  a d j u s t e d  
f o r  s t o r a g e  e f f e c t  i f  t h e  manhole ( o r  s t o r a g e  e lercent)  s t o r a g e  volume i s  
s i g n i f i c a n t .  For  a  d e t e n t i o n  s t o r a g e  e lement  w i t h  s p e c i f i e d  volume, t h e  
method t o  r o u t e  t h e  f low i s  t h e  c o n t i n u i t y  r e l a t i o n s h i p ,  
i n  which 
(Qinl j  = f low i n t o  t h e  d e t e n t i o n  e lement  from t h e  j t h  sewer  
Qout = o u t f l o w  from t h e  d e t e n t i o n  e lement  t o  t h e  downstream sewer 
A s  = change of d e t e n t i o n  s t o r a g e  i n  t ime i n t e r v a l  A t  
F o r  a new d e t e n t i o n  element f o r  which t h e  s t o r a g e  c a p a c i t y  i s  t o  be 
des igned ,  t h e  t e c h n i q u e  adopted t o  r o u t e  t h e  f low through i t  i s  i l l u s t r a t e d  i n  
F i g .  5. The s o l i d  curve r e p r e s e n t s  t h e  hydrograph i n t o  t h e  d e t e n t i o n  e lement ,  
whereas t h e  t h r e e  broken curves  r e p r e s e n t  t h r e e  d i f f e r e n t  cases  of o u t f l o w  
hydrograph w i t h  d i f f e r e n t  d e s i g n  ou t f low d i s c h a r g e  c a p a c i t i e s  from t h e  
d e t e n t i o n  element.  The i n f l o w  hydrograph is  t h e  combined hydrograph of a l l  
t h e  upst ream sewers  and d i r e c t  s u r f a c e  inf low.  The ou t f low t o  t h e  downstream 
sewer is  assumed t o  r i s e  with. t h e  i n f l o w  u n t i l  t h e  des ign  d i s c h a r g e  c a p a c i t y ,  
Qc,  of t h e  connec t ing  downstream sewer i s  reached ( p o i n t  A i n  F ig .  5 ) .  The 
v a l u e  of Qc i s  c a l c u l a t e d  by u s i n g  t h e  Manning f o r m ~ l a  
i n  which 
n  = Manning's roughness  f a c t o r  
So = sewer s l o p e  
dn = sewer d iamete r  used 
c = c o n s t a n t ,  0.463 f o r  dn i n  f t  and Qc i n  c f s ,  and 
0.912 f o r  dn i n  m and Qc  i n  11131s. 
A 
----- Case I 
Case 2 







Fig .  5.  Opera t ion  of D e t e n t i o n  S t o r a g e  
A s  tlle i n f l o w  r a t e  exceeds Q, a f t e r  p o i n t  A ,  t h e  ou t f low i s  assumed t o  
rerrain c o n s t a n t  a t  Qc,  and t h e  s t o r a g e  begins  t o  accumulate  i n  t h e  d e t e n t i o n  
e lement  a s  s h o s ~ n  from p o i n t  A t o  p o i n t  B i n  F i g .  5. For  Cases 1  and 2 ,  a f t e r  
p o i n t  R when t h e  i n f l o w  r a t e  i s  below Qc,  t h e  ou t f low i s  assumed t o  remain 
a t  Qc u n t i l  t h e  s t o r a g e  i s  complete ly  d e p l e t e d  ( p o i n t  C) ,  a t  which t ime  t h e  
o u t f l o w  r a t e  i s  assumed t o  drop t o  t h e  i n f l o w  r a t e ,  shown a s  p o i n t  D i n  
F i g .  5. For  Case 1  t h e  ou t f low r a t e  i s  assumed e q u a l  t o  t h e  i n f l o w  r a t e  i n  
t h e  remaining of t h e  r e c e s s i o n  a f t e r  p o i n t  D. The r e q u i r e d  s t o r a g e  volume, 
V s ,  f o r  Case 1  i s  s imply t h e  a r e a  above AB between t h e  i n f l o w  hydrograph and 
o u t f l o w  hydrograph.  Thus, 
For  Case 2 a f t e r  p o i n t  D ,  t h e  o u t f l o w  r a t e  i s  assumed e q u a l  t o  t h e  i n f l o w  
r a t e  u n t i l  p o i n t  A '  where t h e  i n f l o w  r a t e  a g a i n  exceeds t h e  o u t f l o w  r a t e .  The 
assumed p r o c e s s  of o u t f l o w  hydrograph a f t e r  A '  i s  r e p e a t e d  a s  f o r  p o i n t s  A 
th rough  D. The r e q u i r e d  s t o r a g e  volume f o r  Case 2  i s  t h e  l a r g e r  of t h e  two 
a r e a s  above AB and A ' B '  between t h e  i n f l o w  hydrograph and o u t f l o w  hydrograph 
i n  F i g .  5. Whereas f o r  Case 3 t h e  d e p l e t i o n  of s t o r a g e  i s  no t  complete u n t i l  
p o i n t  G. The ou t f low r a t e  i s  assumed t o  remain a t  Qc  from p o i n t  A t o  p o i n t  G 
and t h e n  drop t o  t h e  i n f l o w  r a t e  a f t e r  p o i n t  H. The r e q u i r e d  s t o r a g e  volume 
f o r  t h i s  case  is e q u a l  t o  t h e  a r e a s  above AH and EF minus t h e  a r e a  below BE; 
between t h e  i n f l o w  hydrograph and o u t f l o w  hydrograph.  I n  g e n e r a l ,  t h e  
r e q u i r e d  s t o r a g e  volume of t h e s e  c a s e s  can be c a l c u l a t e d  by 
Vs = Max of (Oin - Q c )  d t  > 0 (18)  
The i n f l o w  hydrograph of a  sewer i s  r o u t e d  through t h e  sewer u s i n g  t h e  
hydrograph-time-lag nethod d e s c r i b e d  i n  Yen e t  al .  (1976). Although k i n e m a t i c  
wave and Muskingum-Cunpe r o u t i n g  methods have a l s o  been programmed i n t o  
d i f f e r e n t  v e r s i o n s  of II,SD, they  do no t  produce a s i g n i f i c a n t  d i f f e r e n c e  i n  
d e s i g n  and hence t h e  hydrograph- t i r~e - lag  method is  adopted a s  t h e  recommended 
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The a l g o r i t h m  c o n t i n u e s  downstream s tage-by-s tage  u n t i l  t h e  computat ion 
h a s  been performed f o r  t h e  l a s t  (most downstreani) s t a g e .  There  now e x i s t s  a  
s e t  of minimum cumulat ive  c o s t s  f o r  each  downstream crown el .eva.t ion cons ide red  
f o r  each sewer i n  t h e  network. A t r a c e b a c k  p rocedure  i s  s u b s e q u e n t l y  
performed t o  r e t r i e v e  t h e  minimum-cost des ign .  The t r a c e b a c k  beg ins  a t  t h e  
downstrean1 end ( l a s t  s t a g e ,  o r  o u t l e t )  of t h e  system. A t  t h e  o u t l e t  t h e  crown 
e l e v a t i o n  w i t h  t h e  n~inimum cur~ iu la t ive  c o s t  i s  s e l e c t e d  as t h e  o p t i m a l  ( u n l e s s  
t h e  o u t l e t  e l e v a t i o n  i s  r e s t r i c t e d  ). The t r a c e b a c k  t h e n  proceeds  upst ream 
s tage-by-s tage  s e l e c t i n g  t h e  upst ream crown e l e v a t i o n  t h a t  r e s u l t e d  i n  t h e  
mininwm-cost s l o p e  connec t ing  t o  t h e  downstream crown e l e v a t i o n .  Th i s  
p r o c e d u r e ,  a s  i l l u s t r a t e d  i n  Fig .  7 ,  c o n t i n u e s  ~1.pstream u n t i l  a l l  sewer  
connec t ions  i n  t h e  network have been s e l e c t e d .  The r e s u l t  of t h e  t r a c e b a c k  is 
a  minimum c o s t  des ign  f o r  a l l  t h e  sewers and manholes i n  t h e  network,  i n c l u d i n g  
t h e  sewer s l o p e ,  upst ream and downstream crown e l e v a t i o n s  of t h e  sewer ,  sewer 
d i a n e t e r ,  and t h e  upst ream manhole s i z e .  T h i s  procedure  i s  r e p e a t e d  u s i n g  DDDP 
w i t h  a  new s e t  of crown e l e v a t i o n s  t h r o u ~ h o u t  t h e  network. t o  s e e  i f  a  cheaper  
c o s t  network d e s i g n  can be found. 
DDDP i s  an  i t e r a t i v e  t echn ique  f o r  which a  t r i a l  s e t  of crown. e l e v a t i o n s  
f o r  t h e  e n t i r e  sys tem ( c a l l e d  t h e  i n i t i a l  t r i a l  t r a j e c t o r y )  i s  f i r s t  s e l e c t e d .  
Then a  range of crown e l e v a t i o n s  ( a  c o r r i d o r )  a l o n g  t h e  t r a j e c t o r y  is s e t  up 
w i t h  a  s p e c i f i e d  crown e l e v a t i o n  ( s t a t e )  inc rement ,  s u b j e c t  t o  t h e  f e a s i b l e  
e l e v a t i o n  c o n s t r a i n t s .  A s  d e s c r i b e d  i n  t h e  p r e c e d i n g  pa ragraph ,  a s e a r c h  
i s  then made w i t h i n  t h e  c o r r i d o r  t o  f i n d  t h e  s e t  of minimum c o s t  e l e v a t i o n s  
which is subsequen t ly  used a s  t h e  new, improved t r i a l  t r a j e c t o r y .  The 
inproved  t r a j e c t o r y  i s  then used t o  s e t  up t h e  new c o r r i d o r  f o r  t h e  nex t  
i t e r a t i o n .  T h i s  p rocedure  i s  r e p e a t e d  u s i n g  t h e  i n i t i a l  e l e v a t i o n  increment  
u n t i l  t h e  improvement i n  t h e  system d e s i g n  c o s t  i s  w i t h i n  a  s m a l l  s p e c i f i e d  
p e r c e n t a g e .  The e l e v a t i o r i  increment  i s  t h e n  reduced ( h a l v e d )  and t h e  i t e r a t i o n  
i s  repea ted .  T h i s  p r o c e s s  i s  r e p e a t e d  f o r  s u c c e s s i v e  reduced e l e v a t i o n  
i n c r e m e n t s  u n t i l  t h e  s p e c i f i e d  uiininunl e l e v a t i o n  increment  i s  reached and t h e  
change of t h e  systeni  d e s i g n  c o s t  i s  w i t h i n  t h e  s p e c i f i e d  pe rcen tape .  The f i n a l  
r e s u l t  i s  accep ted  a s  t h e  l e a s t  c o s t  des ign .  

I 11. INPUT DATA AND COMPLTER PRINTOUT 
3.1 I n p u t  Da ta  
I n p u t  d a t a  t o  run  ILSD-1&2 can  be c l a s s i f i e d  i n t c  two types :  mandatory 
and o p t i o n a l .  The u s e r  must supp ly  i n f o r m a t i c n  f o r  t h e  mandatory i n p u t .  For  
o p t i o n a l  i n p u t  b u i l t - i n  d e f a u l t  v a l u e s  o r  a l t e r n a t i v e s  w i l l  be fo l lowed  i f  t h e  
i n p u t  i n f o r m a t i o n  i s  n o t  s u p p l i e d  by t h e  u s e r .  For c l a r i f i c a t i o n ,  t h e  
r e q u i r e d  i n p u t  d a t a  a r e  d e s c r i b e d  i n  t h i s  s e c t i o n  i n  t h e  f o l l o w i n g  c a t e g o r i e s :  
sewer  sys tem,  c o s t  d a t a ,  d r a i n a g e  b a s i n  catchment d a t a ,  i n p u t  t iydrographs,  and 
r a i n .  The sequence of e n t e r i n g  t h e s e  d a t a  does not  f o l l o w  t h e  o r d e r  j u s t  
d e s c r i b e d .  They f o l l o w  t h e  f o r v a t  g i v e n  i n  Chap te r  I V .  
I f  ILSD-2 i s  used ,  t h e  r e q u i r e d  i n p u t  d a t a  i n c l u d e ,  i n  a d d i t i o n  t o  t h o s e  
needed f o r  ILSD-1, a l s o  t h e  r i s k - s a f e t y  f a c t o r  r e l a t i o n s h i p  a s  d e f i n e d  by t h e  
q u a d r a t i c - e x p o n e n t i a l  e q u a t i o n ,  and t h e  a s s e s s e d  damage c o s t  r e s u l t i n g  from 
inadequacy of t h e  p i p e  c a p a c i t y  f o r  each  sewer.  
3.1.1 Inpu t  Da ta  of Sewer System 
l lodel  ILSD-1 r e q u i r e s  a s  i n p u t  t h e  l a y o u t  of t h e  sewer network a s  
i d e n t i f i e d  by t h e  manhole numbers a t  t h e  upst ream and downstream ends  of t h e  
s e w e r s ,  t h e  l e n g t h  of t h e  sewers ,  t h e  t o t a l  nunber of manholes,  ground 
e l e v a t i o n  a t  each nanho le ,  minimum s o i l  cover  dep th  f o r  t h e  sewers ,  Manning's 
roughness  f a c t o r  n  f o r  t h e  p i p e s ,  and t h e  maximum and minimum p e r m i s s i b l e  
v e l o c i t i e s  i n  t h e  sewers.  The manhole numbers a r e  numerals up t o  4 d i g i t s ,  i n  
any  random o r d e r .  The i n f l o w  hydropraphs  f o r  t h e  manholes a r e  e i t h e r  provided 
by t h e  u s e r  o r  g e n e r a t e d  through t h e  b u i l t - i n  s u r f a c e  runof f  s i m u l a t i o n  
scheme. I f  d e t e n t i o n  s t o r a g e  f a c i l i t i e s  a r e  t o  he c o n s i d e r e d ,  i t  i s  a l s o  
n e c e s s a r y  t c  s p e c i f y  t h e  u n i t  c o s t  f o r  new d e t e n t i o n  s t o r a g e ,  a s  w e l l  a s  t h e  
maximum a l l o w a b l e  s t o r a g e  volume a n d / c r  maxin;um allowable o u t f l o w  from t h e  
s t o r a g e  element i f  such c o n s t r a i n t s  e x i s t .  I f  c o n s t r a i n t s  f o r  t h e  i n v e r t  o r  
crown e l e v a t i o n s  f o r  sewers  e x i s t ,  t h e s e  v a l u e s  shou ld  a l s o  be s p e c i f i e d .  
The mandatory i n p u t  d a t a  of sewer  sys tem a r e :  
( 1 )  The t o t a l  number of rrlanlloles i n c l u d i n g  t h e  o u t l e t .  
( 2 )  The i d e n t i f i c a t i o n  nuliibers of t h e  manholes a t  t h e  ups t ream end and 
downstream end of each of t h e  sewers .  
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(8)  The over land  f l o w  e n t r y  t imes  of t h e  d i r e c t  impervious ,  d i r e c t  
p e r v i o u s  and supplementa l  p e r v i o u s  s r e a s  of t h e  ca tchment ,  by e i t h e r  
( a )  s u p p l i e d  by t h e  u s e r  ( d e f a u l t  v a l u e s  a r e  5 min, 20 min,  and 20 
min,  r e s p e c t i v e l y ) ,  o r  ( b )  c o r p u t e d  i n  t h e  program from u s e r  
s u p p l i e d  l e n g t h  and s l o p e  of t h e  l o n c e s t  f low p a t h  of t h e s e  t h r e e  
t y p e s  of s u r f a c e s .  These two a l t e r n a t i v e s  a r e  not  m u t u a l l y  
e x c l u s i v e  f o r  a  catchment. For  example,  f o r  a  g i v e n  catchment t h e  
u s e r  may e n t e r  t h e  e n t r y  t imes  f o r  t h e  d i r e c t  and supp lementa l  
p e r v i o u s  a r e a s  t o g e t h e r  w i t h  t h e  l e n g t h  and s l o p e  of t h e  l o n g e s t  
f low p a t h  of t h e  d i r e c t  impervious  a r e a .  
3.1.3 Rain Data  
I f  any one o r  more of t h e  catchment i n l e t  hydrographs a r e  t o  be g e n e r a t e d  
f rom r a i n f a l l  through t h e  model s i m u l a t i o n ,  i n p u t  of r a i n  d a t a  i s  necessa ry .  
Converse ly ,  i f  a l l  t h e  i n l e t  hydrographs  a r e  s u p p l i e d  by t h e  t l s e r ,  t h e r e  i s  no 
need t o  inpu t  any r a i n  ancl catchment d a t a .  
Four  m u t u a l l y  e x c l u s i v e  o p t i o n s  of r a i n  hye tographs  a r e  a l lowed ii? 
IISD-1&2 as d e s c r i b e d  i n  S e c t i o n  2.2. The d e f a u l t  o p t i o n  i s  hye tograph  
O p t i o n  0. The r a i n  d a t a  i n p u t  f o r  t h e s e  o n t i o n s  a r e  a s  fo l lows .  
Opt ion  1 ,  u s e r  s t ipp l i ed  a r h i t r a r y  hyetograph -- The mandatory inpt l t  d a t a  
a r e  t h e  t o t a l  number of r a i n  v a l u e s  t o  be i n p u t ,  and t h e  r a i n  
v a l u e s .  The o p t i o n a l  i n p t ~ t  d a t a  a r e  t h e  t ime i n t e r v a l  t h a t  t h e  r a i n  
val-ues w i l l  be e n t e r e d  ( d e f a u l t  v a l u e  5 min) ,  t h e  t o t a l  r a i n  d e p t h  
a s  a check,  and t h e  r e t u r n  pe r iod .  
O p t i o n  2 ,  one t r i a n g u l a r  l ~ y e t o g r a p h  -- The mandatory i n p u t  r a i n  d a t a  a r e :  
t o t a l  r a i n f a l l  dep th  i n  i n c h e s  (mm) and d u r a t i o n  of r a i n f a l l  i n  
minutes .  The o p t i o n a l  i n p u t  d a t a  a r e  t h e  r e l a t i v e  t ime of peak. r a i n  
r a t e ,  a p  ( F i g .  2 )  and t h e  r e t u r n  p e r i o d  i n  y e a r s .  
O p t i o n  3 ,  one t r i a n g u l a r  hye tograph  from fo rmula ,  and 
Opt ion  0, d i f f e r e n t  t r i a n g u l a r  hye tographs  from formula  f o r  d i f f e r e n t  
sewers  -- The mandatory i n p u t  r a i n  d a t a  f o r  t h e s e  two o p t i o n s  a r e  
t h e  two c o e f f i c i e n t s  and two exponen t s  of t h e  r a i n  i n t e n s i t y  f o r n ~ ~ l a  
(Eqs. l a  and l b )  arld t h e  des ign  r e t u r n  p e r i o d  i n  y e a r s .  The 
o p t i o n a l  i n p u t  d a t a  i s  t h e  r e l a t i v e  t ime of peak. r a i n  r a t e ,  ap .  
For  a l l  t h e  f o u r  o p t i o n s ,  t h e  t ime i n t e r v a l  of t h e  g e n e r a t e d  i n l e t  
hydrograph can be a n  o p t i o n a l  i n p u t  independent  of o t h e r  t ime  i n t e r v a l s  used  
i n  t h e  program. 
3.1.4 I n l e t  Hydrograph Data 
Three  i n l e t  hydrograph o p t i o n s  a r e  a v a i l a b l e  i n  ILSD-1&2: 
O p t i o n  1, u s e r  s u p p l i e d  t r i a n g u l a r  i n l e t  hydrographs  
O p t i o n  2 ,  u s e r  s u p p l i e d  a r b i t r a r y  i n l e t  hydrographs  
O p t i o n  3 ,  r a i n  g e n e r a t e d  i n l e t  hydrographs  a s  d e s c r i b e d  i n  
S e c t i o n s  2.2, 2.3, 3.1.2, and 3.1.3. 
These  o p t i o n s  a r e  no t  m u t u a l l y  e x c l u s i v e .  For  a  computer run  mixed mode is  
p e r m i t t e d  f o r  d i f f e r e n t  i n l e t s ,  and a  manhole can a c c e p t  more t h a n  one i n l e t s .  
Thus,  d r y  w e a t h e r  f l o w  can be e n t e r e d  a s  Opt ion  2  i n  c o n j u n c t i o n  w i t h  Opt ion  3  
f o r  r a i n  g e n e r a t e d  hydrographs  a n d / o r  Opt ion 1. 
I f  any one o r  more of t h e  i n l e t  hydrographs  a r e  s u p p l i e d  by t h e  u s e r  
u s i n g  Opt ions  1 o r  2 ,  t h e y  a r e  i n p u t  i n t o  t h e  program i n  terms of d i s c h a r g e s  
a t  t h e  manholes t h a t  r e c e i v e  t h e  cor respond ing  in f lows .  F o r  b o t h  Opt ions  1 
and 2 ,  a  t ime i n t e r v a l  DDT i s  r e q u i r e d  a s  a n  i n p u t  d a t a  t o  s p e c i f y  t h e  
c o n s t a n t  t ime i n t e r v a l  of t h e  d i s c h a r g e  ( o r d i n a t e )  v a l u e s  of t h e  hydrograph.  
T h i s  t ime i n t e r v a l  can  be d i f f e r e n t  f o r  d i f f e r e n t  i n l e t  hydrographs ,  and i t s  
d e f a u l t  v a l u e  i s  t h e  time s t e p  DT used f o r  sewer  r o u t i n g  computat ions .  
F o r  Opt ion 1, t h e  u s e r  s p e c i f i e d  i n l e t  hydrograph i s  approximated by a  
t r i a n g l e  a s  shown i n  P ig .  8. The symbols i n  t h e  f i g u r e  a r e  d e f i n e d  a s  
fo l lows .  
QP = peak f low Qp 
QB = I n i t i a l  base  f low of t h e  hydrograph 
QE = F i n a l  base  f low of t h e  hydrograph 
DUR = d u r a t i o n  of t h e  i n f l o w  hydrograph 
TAU = t ime  between r e f e r e n c e  i n i t i a l  t ime and s t a r t  of 
r i s i n g  l imb of t h e  i n f l o w  hydrograph 
DDT = t ime  i n t e r v a l  f o r  hydrograph d i s c h a r g e  v a l u e s  
PT = t ime  from beg inn ing  of r i s e  t o  peak 
t- TAU "- DUR ----A 
T i  me 
Fig .  8. T r i a n g u l a r  In f low Hydrograph 
The mandatory i n p u t  d a t a  f o r  Opt ion  1  a r e  t h e  manhole number t h a t  t h e  i n l e t  
hydrograph e n t e r s ,  and t h e  d u r a t i o n  and peak d i s c h a r g e  of t h e  i n l e t  
hydrograph,  DUR and QP, r e s p e c t i v e l y .  The o p t i o n a l  i n p u t  d a t a  a r e  TAU 
( d e f a u l t  v a l u e  O),  QB and OE ( d e f a u l t  v a l u e  0  f o r  b o t h ) ,  DDT, and t h e  r e l a t i v e  
peak f low time A0 = PT/UUR ( d e f a u l t  v a l u e  0.5).  
F o r  Opt ion 2  t h e  mandatory i n p u t  d a t a  a r e  t h e  manhole number t h a t  t h e  
hydrograph e n t e r s ,  t h e  t ime p e r i o d  of t h e  i n l e t  hydrogr?ph v a l u e s  (DUR) , and 
t h e  v a l u e s  of t h e  hydrograph.  The o p t i o n a l  i n p u t  d a t a  e r e  t h e  t ime when t h e  
f i r s t  i n l e t  hydrograph v a l u e  a t  t h e  manhole s t a r t s  (TAU, d e f a u l t  v a l u e  0 ) ;  t h e  
i n i t i a l  and f i n a l  base  f low r a t e s  b e f o r e  and a f t e r  t h e  i n l e t  hydrograph (QB and 
Q E ,  d e f a u l t  va lue  0  f o r  b o t h ) ;  and t h e  t ime i n t e r v a l  t h a t  t h e  hydrograph v a l u e s  
w i l l  be e n t e r e d  (DIIT). 
3.1.5 Cos t  Da ta  
Four  o p t i o n s  of c o s t s  concern inp  p i p e  m a t e r i a l ,  e x c a v a t i o n ,  and nianholes 
a r e  provided i n  ILSD-1&2. Opt ion 1  a l l o w s  t h e  u s e r  t o  i n p u t  d a t a  i n  t a b l e  form 
f o r  t h e  c o s t s  of d i f f e r e n t  s i z e s  of p i p e s  of d i f f e r e n t  c l a s s e s  ( o r  s c h e d u l e s ) ,  
d i f f e r e n t  e x c a v a t i o n  c o s t s  f o r  up t o  t h r e e  d i f f e r e n t  t y p e s  of s o i l s  a t  
d i f f e r e n t  d e p t h s ,  c o s t s  of nanho les  of d i f f e r e n t  s i z e s  a t  d i f f e r e n t  d e p t h s ,  and 
c o s t  of i n - l i n e  d e t e n t i o n  s t o r a g e s ,  i f  any. Option 2  a l lows  t h e  u s e r  t o  supply  
t h e  same i n f o r m a t i o n  i n  q u a d r a t i c  e q u a t i o n  form. The e x c a v a t i o n  c o s t  i n c l u d e s  
t h e  c o s t s  f o r  e x c a v a t i o n ,  t r e n c h  p r e p a r a t i o n ,  and b a c k f i l l i n g  charges .  
The o t h e r  two o p t i o n s  a r e  a v a i l a b l e  on ly  f o r  E n g l i s h  u n i t s .  They a r e  
Opt ion  0  f o r  b u i l t - i n  c o s t  t a b l e s  and Opt ion  3  f o r  b u i l t - i n  c o s t  f u n c t i o n s .  
The b u i l t - i n  c o s t  t a b l e s  a r e  based mainly  on t h e  c o s t  values  a t  C e n t r a l  
I l l i n o i s  i n  s p r i n g  1978. The c o s t  f u n c t i o n s  a r e  adopted from a  1969 s t u d y  a t  
Ba l t imore .  S i n c e  t h e  e x c a v a t i o n ,  p i p e  and manhole c o s t s  v a r i e s  w i t h  both  
l o c a t i o n  and t ime ,  t h e  b u i l t - i n  c o s t  t a b l e s  and f u n c t i o n s  shou ld  be used on ly  
a s  a r e f e r e n c e  f o r  comparison of d i f f e r e n t  des igns .  
The d e f a u l t  o p t i o n  i s  Opt ion 0 ,  b u i l t - i n  c o s t  t a b l e s .  I f  ILSD-2 i s  used ,  
u n i t  c o s t s  of f l o o d i n g  damage shou ld  a l s o  be s p e c i f i e d .  
I f  e i t h e r  Opt ion  0  o r  Opt ion 3  ( b u i l t - i n  cos?  t a b l e s  o r  f u n c t i o n s )  i s  
u s e d ,  t h e  mandatory i n p u t  da ta  i s  t h e  o p t i o n  s e l e c t i o n .  The o p t i o n a l  i n p u t  
d a t a  a r e  t h e  u n i t  c o s t  of i n - l i n e  d e t e n t i o n  s t o r a g e  i n  $/cu f t  f o r  t h e  b a s i n  
and t h e  u n i t  c o s t  f o r  s p e c i f i c  manholes i f  d i f f e r e n t  from t h e  b a s i n  common 
v a l u e ,  and whether  t o  p r i n t  t h e  c o s t  t a b l e s  o r  f u n c t i o n s  i n  t h e  computer 
o u t p u t  . 
I f  Opt ion 1 ,  u s e r  s u p p l i e d  c o s t  t a b l e s  i s  used ,  t h e  mandatory i n p u t  d a t a  
a r e  t h e  fol lowing.  
( a )  I d e n t i f i c a t i o n  number of t h e  o p t i o n  s e l e c t e d  
( b )  P i p e  c o s t  d a t a :  
- Number of p i p e  c l a s s e s  ( s c h e d u l e s ) ,  maximum 3  
- Maximum a l l o w a b l e  b u r i a l  d e p t h  of each p i p e  c l a s s  
- Number of p i p e  s i z e s  (up  t o  24)  i n  each p ipe  c l a s s  
- Commercial p i p e  s i z e s  i n  each p i p e  c l a s s  
- Cost  p e r  l i n e a r  f t  (m) f o r  each  p i p e  s i z e  i n  each c l a s s  
( c )  Excava t ion  c o s t  d a t a  
- Number of d i f f e r e n t  t y p e s  of s o i l s ,  maximum 3  
- Number of d e p t h  ranges  f o r  each type of s o i l ,  maximum 10 
- L a r g e s t  dep th  of each range 
- Uni t  c o s t  of e x c a v a t i o n  i n  $/cu yard ($/rn3) f o r  each  range of 
d e p t h  of each type of s o i l  
( d )  Manhole c o s t  d a t a  
- Number of d e p t h  i n t e r v a l s  of d i f f e r e n t  u n i t  manhole c o s t s ,  
maximum 10 
- L a r g e s t  d e p t h  i n  f  t (m) of each i n t e r v a l  
- Uni t  c o s t  of manhole p e r  f  t (m) dep th  i n  each dep th  i n t e r v a l  
The o p t i o n a l  i n p u t  d a t a  a r e  t h e  d e t e n t i o n  s t o r a g e  u n i t  c o s t  and t h e  code 
t o  p r l n t  out  t h e  i n p u t  c o s t  da ta .  
I f  O p t i o n  2 ,  u s e r  s u p p l i e d  c o s t  f u n c t i o n s  i s  used ,  t h e  o p t i o n a l  i n p u t  
d a t a  a r e  t h e  same a s  Opt ion 1. The mandatory i n p u t  a r e :  
( a )  The v a l u e s  of t h e  c o e f f i c i e n t s  of t h e  e x c a v a t i o n  c o s t  f u n c t i o n  
i n  which 
CE = e x c a v a t i o n  c o s t  i n  $ /cu  yard  ($/m3) 
I1 = e x c a v a t i o n  dep th  i n  f t  (m) 
D = p i p e  d iamete r  i n  f t  (m) 
Up t o  t h r e e  d i f f e r e n t  s e t s  of c o e f f i c i e n t s  f o r  t h r e e  c o s t  f u n c t i o n s  
r e p r e s e n t i n g  t h r e e  d i f f e r e n t  t y p e s  of s o i l s  a r e  a l lowed i n  t h e  
program. 
( b )  The v a l u e s  of t h e  c o e f f i c i e n t s  of t h e  manhole c o s t  f u n c t i o n  
i n  which 
CM = manhole u n i t  c o s t  i n  $ / f  t dep th  ($/m d e p t h )  
H = manl~ole  dep th  i n  f t  (m) 
DP,~  = manhole d i a m e t e r  i n  f t  (m) 
I n  computing manhole c o s t  i n  t h e  program, H i s  t aken  a s  t h e  lowes t  
i n v e r t  e l e v a t i o n  of t h e  j o i n i n g  sewers  and Dl,l i s  t a k e n  a s  t h e  
l a r g e s t  d i a m e t e r  among t h e  j o i n i n g  sewers .  
( c )  The v a l u e s  of t h e  c o e f f i c i e n t s  of t h e  p i p e  c o s t  f u n c t i o n  
i n  which 
C p  = p i p e  c o s t  p e r  l i n e a r  f  c (m) 
D = p i p e  d iamete r  i n  f t  (m) 
( d )  The t o t a l  number of commercial s i z e  p i p e s  (maximuci 24)  and t h e  
nominal d iamete r  i n  i n .  (nl) of  each s i z e .  Th i s  informationm c o u l d  
be  o p t i o n a l  i f  t h e  b u i l t - i n  E n g l i s h  u n i t  comniercial s i z e s  i n  t h e  
program a r e  used.  
3.1.6 O p e r a t i o n a l  I n p u t  Data 
The o p e r a t i o n a l  i n p u t  d a t a  i n c l u d e  t h o s e  s p e c i f y i n g  t h e  model used 
(ILSD-1 o r  2 ) ,  u n i t s  ( E n g l i s h  o r  S I )  , computa t iona l  t ime range and i n t e r v a l  
f o r  sewer f low r o u t i n g ,  and whe the r  downstream p i p e  s i z e  can be s m a l l e r  t h a n  
ups t ream s i z e s .  Also  t o  be s p e c i f i e d  f o r  o p t i m i z a t i o n  o p e r a t i o n  a r e  t h e  
number of t r i a l  e l e v a t i o n s  t o  be used (meximum 9 ) ,  t h e  i n i t i a l  t r i a l  e l e v a t i o n  
increment  and t h e  minimum e l e v a t i o n  increment  f o r  t h e  f i n a l  t r i a l .  Normally, 
f o r  t h o s e  who a r e  not  f a m i l a r  w i t h  t h e  DDDP procedure  used i n  t h e  program, t h e  
b u i l t - i n  d e f a u l t  v a l u e s  of e l e v a t i o n  ( s t a t e )  inc rements  can be used.  
S i n c e  DDDP does not  g u a r a n t e e  g l o b a l  o p t i m i z a t i o n  and t h e  d e s i g n  r e s u l t  
depends t o  some e x t e n t  on t h e  i n i t i a l  t r i a l  e l e v a t i o n s  of t h e  sewers  ( i n i t i a l  
t r a j e c t o r y ) ,  when i n  doubt i t  i s  a d v i s i b l e  t o  t r y  l a r g e r  and s m a l l e r  i n i t i a l  
e l e v a t i o n  ( s t a t e )  increment  ( b u i l t - i n  d e f a u l t  v a l u e  3.2 f t  o r  0.8 m) t o  s e e  i f  
t h e r e  i s  a  s i g n i f i c a n t  change i n  t h e  d e s i g n  i n  o r d e r  t o  e n s u r e  t h e  s e l e c t i o n  
of t h e  lowest  c o s t  o p t i o n  a s  t h e  d e s i g n .  Fur the rmore ,  t h e  i n i t i a l  t r i a l  
t r a j e c t o r y  i s  computed based p r i m a r i l y  on  t h e  minimum s o i l  cover  d e p t h ,  t h e  
l a r g e s t  p i p e  s i z e  s p e c i f i e d  and t h e  u s e r  s p e c i f i e d  e l e v a t i o n  c o n s t r a i n t s .  
T h e r e f o r e ,  a  warning s i g n a l  may be p r i n t e d  o u t  i f  unfavorab le  i n i t i a l  
t r a j e c t o r y  c o n d i t i o n s  a r e  encountered due t o  n e g a t i v e  l o c a l  ground s l o p e  o r  
s e v e r e  e l e v a t i o n  c o n s t r a i n t s .  However, p r i n t i n g  of t h e  warning s i g n a l  does 
not  n e c e s s a r i l y  imply t h e  f a i l u r e  of t h e  model t o  camplete  t h e  d e s i g n .  I f  t h e  
d e s i g n  i s  p r i n t e d  o u t ,  t h e  warning s h o u l d  be ignored.  Even when t h e  warning 
i s  p r i n t e d  and no des ign  i s  p rov ided ,  t h e  u s e r  i s  sugges ted  t o  t r y  d i f f e r e n t  
runs  w i t h  d i f f e r e n t  v a l u e s  of i n i t i a l  s t a t e  ( e l e v a t i o n )  inc rements .  For  some 
c a s e s ,  a  des ign may be accomplished.  
3.2 Computer P r i n t o u t  
The computer p r i n t o u t  of t h e  ILSD-1&2 program a g a i n  c o n s i s t s  of mandatory 
p r i n t o u t  and o p t i o n a l  p r i n t o u t .  
The mandatory p r i n t o u t  c o n s i s t s  of a n  echo of t h e  i n p u t  d a t a ,  a  l i s t  of 
i n p u t  r a i n  and catchment i n f o r m a t i o n  and u s e r  s p e c i f i e d  i n l e t  hydrographs ,  
i f  any,  a  l i s t  of i n p u t  sewer i n f o r m a t i o n ,  and a  t a b l e  of d e s i g n  r e s u l t s .  A 
sample d e s i g n  r e s u l t  i s  shown i n  F ig .  9. 
O p t i o n a l  p r i n t o u t  i n c l u d e s  t h e  i n l e t  hydrographs  a t  any o r  a l l  of t h e  
manholes,  sewer  i n f l o w  hydrographs  f o r  u s e r  s e l e c t e d  sewers, and t h e  c o s t  
t a b l e s  o r  f u n c t i o n s .  P r i n t i n g  of t h e  computed hydrographs i s  g e n e r a l l y  not  
recommended a s  t h e r e  a r e  many of them and i t  cou ld  be c o s t l y .  P r i n t i n g  of 
t h e s e  hydrographs a r e  sugges ted  o n l y  f o r  s p e c i a l  i n s p e c t i o n s .  P a r t i c u l a r l y  
f o r  r a i n  Opt ion 0 d e s c r i b e d  on p. 25 f o r  d i f f e r e n t  hyetographs  f o r  t h e  d e s i g n  
of d i f f e r e n t  sewers ,  a n  i n l e t  may have s e v e r a l  hydrographs  f o r  d i f f e r e n t  
s torms.  F o r  t h i s  o p t i o n ,  a p r i n t  command f o r  a  manhole w i l l  p r i n t  t h e  d e s i g n  
hye tograph  f o r  t h e  d e s i g n  of t h e  sewer  immediate ly  downstream of t h i s  manhole 















I V .  PREPARATION OF INPUT DATA CARDS 
4.1 Inpu t  Data Format 
The i n p u t  d a t a  a r e  e n t e r e d  i n  8 d a t a  ca rd  s e t s  a s  shown i n  F ig .  10. 
Depending on t h e  model and o p t i o n s  u s e d ,  up t o  two of t h e  ca rd  s e t s  may n o t  
b e  r e q u i r e d .  I f  ILSD-1 i s  used and no r i s k  i s  c o n s i d e r e d ,  Card S e t  5-RISK i s  
omi t t ed .  I f  a l l  t h e  i n l e t  hydrographs  a r e  s u p p l i e d  by t h e  u s e r  and no i n l e t  
hydrograph  w i l l  be g e n e r a t e d  f rcm r a i n  and c a t c h r ~ e n t  runof f  s i m u l a t i o n ,  Card 
S e t  8-RAIN i s  omi t t ed .  
I n  t h e  f o l l o w i n g  d e s c r i p t i o n  of t h e  ca rd  s e t s  and c a r d s ,  f o r  i t e m s  hav ing  
a n  I - fo rmat ,  t h e  number must be e n t e r e d  r i g h t  j u s t i f i e d ,  i . e . ,  t h e  l a s t  d i g i t  
of t h e  number must be p laced  i n  t h e  l a s t  (most  r igh t -hand)  space  a l l o t t e d  t o  
t h i s  i tem. F o r  example, i f  t h e  upst ream manhole number of a  sewer is  9001, 
t h i s  number w i l l  be e n t e r e d  a s  t h e  f i r s t  i t e m  of ca rd  number 1  of Card S e t  
6-NETWORK hy p l a c i n g  t h e  numeral 1  i n  column 5 s i n c e  t h i s  i t e m  i s  a l l o t t e d  t h e  
s p a c e  15 ,  from column 1 t o  column 5 ,  of t h e  card .  A decimal  p o i n t  must no t  be 
used  f o r  a  number having a n  I-format.  F o r  a number w i t h  a n  F - f o r v a t ,  i t  i s  
s u g g e s t e d  t h a t  a  decimal  p o i n t  be always s p e c i f i e d  and t h e  number wi-th t h e  
dec imal  p o i n t  can be p l a c e d  anywhere w i t h i n  t h e  s p a c e  a l l o t t e d  t o  t h i s  number. 
F o r  i n s t a n c e ,  f o r  a  s p a c e  of columns 21-30 a l l o t t e d  f o r  F10.0, i f  t h e  number 
i s  12 ,  one can e n t e r  t h i s  nrirnber a s  "12." o r  "12.0" anywhere between columns 
7 1  and 30. 
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S e t  3  - D I  S e t  3-DI 
Card Card Format D e s c r i p t i o n  V a r i a b l e  D e f a u l t  
Number Column Name Value 
1-5 15  The number of l a t t i c e  po in t s  t o  be NELEV 5 
used i n  the  computations; e.g., 11711 
This  number must be  placed r i g h t  
j u s t i f i e d .  
6-15 F1O.O The i n i t i a l  s t a t e  increment i n  f t  DSTATE 3.2 i t  
(m); e.g., "2.0". 0 .8 !m 
16-25 F1O.O The minimum s t a t e  increment i n  f t  DSMIN O . l f t  
(m): It is a measure of t he  o v e r a l l  0.025m 
accuracy required i n  the s t a t e  e l eva t ion  
determined by t h e  program; e. g. , "0.05". 
jcjcjr TI& cmd cipecidied Rhe ; t o l d  **it 
manhole numbs and connecting 
pipe ciize co~nRhain;t. 
I 5  The t o t a l  number of manholes i n  t he  MANT None 
network including t h e  o u t l e t .  This 
number muat be placed r i g h t  j u s t i f i e d ;  
e.g. ,  "12". 
6-10 I 5  This number s p e c i f i e s  whether the  ICONT 0 
nondecreaaing downstream pipe s i z e  
c o n s t r a i n t  f o r  a l l  sewera w i l l  be 
employed i n  design.  I f  t he  c o n s t r a i n t  
is employed, a "0" is placed i n  column 
10. Otherwise, i f  s m a l l e r  downstream 
p i p e s  a r e  a l lowed ,  p l a c e  "1" i n  column 
S e t  4 - COST S e t  4 - COST 
Card Card Format Descr ip t ion  Variable  Defaul t  
Number Column Name Value 
**** Tkin a d  net  npeci&La, t h e  options boa con& 06 Gpe6, **** 
mmhote6, m d  excavation. 
1 1- 5 I 5  This  number s p e c i f i e s  which one of t h e  ICOST 
fou r  c o s t  op t i ons  i s  t o  be used: 
(a) I f  t h e  b u i l t - i n  c o s t  t a b l e s  ( f o r  
Engl i sh  u n i t s  only)  a r e  t o  be  
used ,  p l a c e  a "9" i n  column 5. 
(b) I f  t h e  co s t  t a b l e s  a r e  t o  b e  
suppl ied  by t h e  u se r ,  a "1" is  placed 
i n  column 5. This  co s t  informat ion 
w i l l  be  en te red  i n  Card Set  4a t o  4c. 
(c)  I f  a  s e t  of c o s t  func t ions  is  t o  be 
suppl ied  by t h e  u se r ,  p l a ce  a  "2" i n  
column 5. The c o e f f i c i e n t s  of t h e  
func t i ons  w i l l  be en te red  i n  Card 
Set 4d. 
(d) I f  t he  b u i l t - i n  c o s t  f unc t i on  ( f o r  
Eng l i sh  u n i t s  only)  i s  t o  b e  used ,  
p l a c e  a "3" i n  column 5 .  
6-10 I5 This  number s p e c i f i e s  whether t h e  des ign  WRITCO 0 
c o s t  t a b l e s  o r  func t ions  a r e  t o  be 
p r i n t ed  o u t .  I f  yes ,  p l ace  a  "1" i n  
column 10. I f  no p r i n t  ou t  i s  de s i r ed ,  
p l a c e  a "0" i n  column 10. 
11-20 F1O.O This  number provides  t h e  commor, (or  DSTORC 1. 
d e f a u l t )  u n i t  c o s t  f o r  de t en t i on  s t o r age  
i n  $/cu f t  ($/m3). For sewers having u n i t  
s t o r age  c o s t s  d i f f e r e n t  from t h i s  common 
va lue ,  t he  s p e c i f i e d  va lues  f o r  t he se  
sewers a r e  en te red  i n  column 41-50 of Card 
3, Se t  6-NETWORK. I f  no de t en t i on  s t o r a g e  
i s  considered o r  no common u n i t  c o s t  i s  used 
f o r  t h e  e n t i r e  system, l eave  t h i s  space 
blank. 
**** 16 t h e  b W - i n  cont t u b t ~ n  ok dunctions (Opa%ns 0 **** 
oa 3 )  cure u e d ,  omit a.U t h e  6okTowing & i n  tk is 
b e t  and no blank cand A needed. 
The 6oUowing a h  in X L A  Set 4, COST, belong to 
two m W y  exceu6ive pantn 60h Options 7 and 2 ,  
h a p e c t i v d y .  O& .the c u d 6  which b m n g  t o  t h e  
opa%n that A not  u e d  and do not  heplace t h m  with 
blank em&. 
[ a )  The doh OpZLon 7 wkich A ua nuppfied cob2 
a b t e 6 ,  coa-ib12 0 6  thhee c a d  gk0up.s : 4a-PICOT 
6oh pipe con&, 4b- EXCAV doh excavation cobs, and 
4c-MffCOT 6ok manhoee con.I3. 
( b )  The paht doh Option 2, udeh nuppUed cant dunctions, 
conbA.13 0 6  one c a d  gkoup, 4d-COSTFN. 
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S e t  4 - COST S e t  4 - COST 
S u b s e t  Card Card Format Descr ipt ion Variable Default  
Number Column Name Value 
4a- 3 ,L , + ... -. T h h  cand specihia nmbm 06 pipe *** 
PI COT sizu in each pipe d m a  . 
1- 5 I 5  The number of commerical pipe s i z e s  NPIPE(1) None 
ava i l ab l e  i n  t h e  f i r s t  p ipe  c l a s s .  
This number must be  placed r i g h t  
j u s t i f i e d ;  e.g., "11". 
6-10 I 5  The number of commercial p ipe  s i z e s  NPIPE(2) None 
ava i l ab l e  i n  t h e  second pipe c l a s s .  
This number must be placed r i g h t  
j u s t i f i e d ;  e. g., "11". 
11-15 I 5  Repeat f o r  each p ipe  c l a s s ,  each NPIPE(3) None 
16-20 I 5  value is placed r i g h t  j u s t i f i e d  i n  NPIPE(4) None 
t h e  f i v e  columns a l l oca t ed .  
*** kximwn. m b m  od pipe ~ i z e b  i n  any &A *** 
& 24.  
1- 5 F5.0 The nominal diameter i n  in .  (m) of t he  PSIZE(1) None 
smallest conunercial pipe i n  t h e  f i r s t  
p ipe  c l a s s  spec i f i ed ;  e.g., "12." 
6-10 F5.0 Diameter i n  in.  (m) of t h e  second PSIZE (2) None 
smal les t  pipe s i z e  i n  the  f i r s t  p ipe  
c l a s s  spec i f ied ;  e. g., "15 ." 
11-15 F5.0 Repeat u n t i l  a l l  t h e  commericial p ipe  PSIZE( ) None 
16-20 F5.0 s i z e s  f o r  t h e  f i r s t  c l a s s  a r e  spec i f ied .  
Each value must be placed i n  t he  f i v e  
columns a l l o t t e d .  
*** 16 mote than 76 pipe bizes ahe U t e d  i n  *** 
a pipe &A the t e m a h i n g  values m e  
ptaced on anatha c a d  h e d i a t d y  
~o&wing i n  the same dotunat ab above. 
Rep& wztie & the pipe biZe6 i n  the  
hame &A m e  bpecidied. 
S e t  4 - COST S e t  4 - COST 
S u b s e t  Card Card Format Description Variable Default  
N d e r  Column Name Value 
4 a- 5 
PICOT 
**"Tkin c m d  a p e c i b i a  p ipe  caaa2. 
1- 5 F5.0 Cost i n  $ pe r  l i n e a r  f t (m) f o r  t h e  PPCOST (1) None 
f i r s t  p ipe  s i z e  spec i f i ed  i n  t h e  
f i r s t  p ipe  c l a s s ;  e.g., "3.40". 
6-10 F5.0 Cost i n  $ p e r  l i n e a r  f t  (m) f o r  t he  PPCOST (2) None 
second p ipe  s i z e  spec i f i ed  i n  t h e  
f i r s t  pipe c l a s s ;  e.  g., "4.45". 
Repeat f o r  each pipe s i z e  u n t i l  t he  PPCOST( ) None 
c o s t s  f o r  a l l  t h e  p ipe  s i z e s  f o r  t h e  
f i r s t  c l a s s  a r e  considered. Each 
value must be placed anywhere i n  t he  
5 columns a l loca t ed .  I f  more than 16 
pipe s i z e s  a r e  spec i f i ed  t h e  remaining 
cos t  va lues  a r e  placed on a successive 
card immediately following i n  t h e  same 
format a s  above. 
*** The above p/rocebh, i. e. , hpeci6 ying pipe *** 
h i z e  then p ipe coht, (Cavrds PICOT-4 and 
PICOT-5) Lh /repeated, one hubhet 6o/r uch 
pipe &A,  in t h e  hame ohdph i n  wkich t h e  
p ipe  &he6 wene hpecibied don t h e  m d -  
mun buhiae depths (PICOT-2 c m d )  and 604 
t h e  nwnba 06 p i p a  (PICOT-3 c m d l ,  
t h e  h i z ~  and ~04.12 604 t h e  p ipe  
ced6hes m e  h p e c i b i d .  
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S e t  4 - COST S e t  4 - COST 
S u b s e t  Card Card Format Descr ipt ion Variable  Defaul t  
Number C o l m  Name Value 
4b- 3 *** Tkis  cahd pavides f ie  unit excavation *** 
EXCAV cob& 60h di66U~ed deNh  hang^ doh 
;the d&.t 4 0 a  .type. 
F5.0 Cost of excavation f o r  t he  f i r s t  CDEPTII (1 , l )  None 
depth range i n  $/cu yd ($/m3), 
i .e. ,  cos t  of excavation from 
ground su r f ace  t o  t h e  f i r e t  lower 
depth l i m i t  ( i f  only one depth 
range i s  epec i f i ed  t h i e  is the  
cos t  of excavation f o r  a l l  depths) ;  
e.g., "3." 
Cost of excavation fo r  t h e  second 
depth range i n  $/cu yd ($/m3), 
i .e. ,  cos t  of excavation from t h e  
f i r s t  lower depth l i m i t  t o  t h e  
second lower depth l i m i t ;  e.g., 
114 11 
Continue u n t i l  a l l  t h e  excavation 
c o s t s  have been spec i f ied .  Each 
va lue  must be  placed i n  t h e  5 
columns a l loca ted .  
CDEPTH ( 1 ,2  None 
CDEPTH( None 
**** Repeat 2 [ i d  hequihed) and C u d  3, in painn, **** 
doh f ie  becond and fien .the Z h h d  b o a  .type6 [ i d  
appLicable] . 
S e t  4 - COST Set 4 - COST 
Subse t  Card Card Format Descr ipt ion Variable  Defaul t  
Number Column Name Value 
4c- **** T k i b  MHCOT cahd gmup contaivtd 2 OR 3 carrd6 apec ibyhg  ***A 
MHCOT t h e  manhole COALS. 
1 1-5 I 5  Number of depth i n t e r v a l s  up t o  10  f o r  NMAND None 
which t h e  u n i t  manhole c o s t  changes. 
This  value must be  placed r i g h t  
j u s t i f i e d ,  e.g., "1". 
*** 16 t h e  numben dpecid ied on Xhe ,(ht MHCOT **rk 
cahd, i. e., Xhe nwnbetr 06  depth i n t e t r v d ,  
i.4 1 ,  AYIA cmd m ~ t  be omi t ted.  
1- 5 F5.0 Largest depth l i m i t  i n  f t  (m) above DPMAN (1) None 
which the  f i r s t  u n i t  manhole c o s t  
app l i e s ;  e.g., "8.0". 
6-10 F5.0 Largest depth l i m i t  i n  f t  (m) f o r  t h e  DPMAN(2) None 
second u n i t  xnanhole c o s t  t o  apply. 
11-15 F5.0 Continue u n t i l  t h e  second t o  l a s t  depth DPMAN( ) None 
16-20 F5.0 i n t e r v a l  is spec i f i ed .  Each value must 
be placed i n  t he  5 columns a l loca ted .  
*** The depth Lh& mwt be apecidied .in t h e  *** 
o~det r  0 6  i n m e a s i n s  depth. The &t depth 
i n t e t r v d  i~ addumed to extend &om t h e  
bwetr depth k2m.i.t 0 6  Zhe p e v i o u s  i n t e t r v d  
t o  a&? d e p t h  betow a. 16 ovtey one depth 
X e t r v d  A ~ p e c i d i e d  .the m n h o l e  coa t  A 
adawned a p p l i c a b l e  t o  & d e p h  . 
S e t  4 - COST S e t  4 - COST 
S u b s e t  Card Card Format Descr ip t ion  Var iab le  Defaul t  
Number Coluum Name Value 
4 C- 3 1-5 
MHCOT 
Manhole c o s t  i n  $ p e r  f t -dep th  ( $  per  MANCST (1) None 
m-depth) w i t h i n  t h e  f i r s t  depth 
i n t e r v a l  extending between the  ground 
s u r f a c e  and t h e  f i r s t  depth  l i m i t ;  
e .g . ,  "100." I f  only  one depth  i n t e r v a l  
is s p e c i f i e d  t h i s  value  a p p l i e s  t o  a l l  
manhole depths .  
Manhole c o s t  i n  $ p e r  f t -depth  ($  p e r  MANCST(2) None 
m-depth) of a  manhole extending from 
t h e  ground s u r f a c e  t o  any depth  w i t h i n  
t h e  second depth i n t e r v a l .  
Continue u n t i l  manhole c o s t s  f o r  a l l  MANCST( ) None 
depth  i n t e r v a l s  have been s p e c i f i e d .  
Each va lue  must be placed i n  t h e  5 
columns a l l o c a t e d .  
S e t  4 - COST S e t  4 - COST 
S u b s e t  Card Card Format Deecription 
Number Column' 
Variable Defaul t  
Name Value 
4d- 
COSTFN **** T h h  COSTFN c a d  gnaup h needed uvLey dun Op;tion 2 ,  **** 
uneh a u p p f i e d  cuax ~ u n c t i a ~ .  1-t con2Ct ia  4 u n  5 
c a d .  16 o x h m  coax o p ; t i o ~  ane  uned, omLt xkin 
c a d  gnoup. 
1 *** Tttid cmd specidieb t h e  v&eb 06  f i e  *** 
coe6&icientb i n  t h e  60Uowing excavatian 
cost duot ian .  
CE = a + b*H + C*D + d*H*D + e*H 2 
V = pipe diameteh .iY1 6.t (m) 
H = excavaLhn depth in d t  (m)  
Up t o  t h e e  diddehent cost dunctiond 6oIL 
a maximum 06 &ee di66aen.t type6 06  
s o i l  m e  d o w e d .  FOIL t h e  spaceb 
atlocated t o  f i e  dunotians t h a t  m e  not 
w e d ,  teuve f i e b e  spaceb blank. 
1- 5 F5.0 The va lue  of c o e f f i c i e n t  "a" f o r  t h e  AE(1) 
f i r s t  type of s o i l ;  e.g., "57.2". 
None 
6- 10  F5.0 The va lue  of c o e f f i c i e n t  "b" f o r  t h e  BE(1) None 
f i r s t  type of s o i l ;  e.g., "7.7". 
11-15 F5.0 The value of c o e f f i c i e n t  "c" f o r  t he  CE(1) None 
f i r s t  type of s o i l ;  e.g., "4." 
16-20 F5.0 The va lue  of c o e f f i c i e n t  "d" f o r  t h e  DE(1) None 
f i r s t  type of s o i l ;  e.g. ,  "0.1". 
21-25 F5.0 The va lue  of c o e f f i c i e n t  "e" f o r  t h e  EE(1) None 
f i r s t  type of s o i l ;  e.g., "11.0". 
26-30 F5.0 The value of c o e f f i c i e n t  "a" f o r  t he  AE(2) None 
second type of s o i l .  
31-35 F5.0 The value of c o e f f i c i e n t  "b" f o r  t he  BE(2) None 
second type of s o i l .  
36-40 F5.0 The va lue  of c o e f f i c i e n t  "c" f o r  t he  CE(2) None 
second type  of s o i l .  
41-45 F5.0 The va lue  of coe f f i c i en t  "d" f o r  the  DE(2) None 
second type of s o i l .  
46-50 F5.0 The value of c o e f f i c i e n t  "e" f o r  t h e  EE(2) None 
second type of s o i l .  
S e t  4 - COST S e t  4 - COST 
S u b s e t  Card Card Format Description Variable Default  
Number ~ o l k  Name Value 
4d- 
COSTFN 1 51-55 F5.0 The value of coe f f i c i en t  "a" f o r  the  AE(3) None 
t h i r d  type of s o i l .  
56-60 F5.0 The value of coe f f i c i en t  "b" f o r  t he  BE(3) None 
t h i r d  type of s o i l .  
61-65 F5.0 The value of coe f f i c i en t  "c" f o r  t he  CE(3) None 
t h i r d  type of s o i l .  
66-70 F5.0 The value of coe f f i c i en t  "d" f o r  t he  DE(3) None 
t h i r d  type of s o i l .  
71-75 F5.0 The value of coe f f i c i en t  "e" f o r  t he  EE(3) None 
t h i r d  type of s o i l .  
S e t  4 - COST S e t  4 - COST 




4d- 2 *** Tkid cmd hpecibie6 t h e  values 0 4  t h e  ** * 
COS TFN coeb~ic ieuc t s  i n  t h e  boUouting manhole 
coht  bunction: 
H = manhole dep th  i n  St (m) 
DM= w h o l e  dimeta i n  d* (ml 
1- 10 F1O.O The value of coefficient "a' " ; e.g., AM None 
"5.0". 
11-20 F10.0 The value of coefficient "b"' ; e.g., BM None 
"6.6". 
21-30 - F10.0 The value of coefficient "c"'; e.g., CM None 
"0.5". 
31-40 F1O.O The value of coefficient "d' " ; e.g., DM None 
"1.0". 
41-50 F1O.O The value of coefficient "e' " ; e.g., EM None 
"0.8". 
51-60 F1O.O The value of coefficient "f"'; e.g., FM None 
"11.1". 
S e t  4 - COST S e t  4 - COST 
Subset  Card Card Format Descript ion Variable  Default  
Number Column Name Value 
*** Tki6 w u f  ~pecidie6 a e  valued 06 *** 4 d- 3 
COSTFN a e  coeddicientb i n  the doflowing pipe COAX d u n d o n  
= k + m*D + n*D 2 C~ 
D = pipe  d iameter  i n  f t  (m) 
1-10 F1O.O The v a l u e  of cons t an t  "k"; e . g , ,  P CA None 
"32.2". 
11-20 F1O.O The value of coe f f i c i en t  "m"; e.g., PCB None 
"6.0". 
21-30 F1O.O The value of coe f f i c i en t  "n"; e.g., PCC None 
"7.1". 
31- 35 15 The number of commercially ava i l ab l e  NSIZE 0 
p ipe  s i z e s  t h a t  w i l l  be provided by 
t h e  user .  This  number must not  
exceed 24, and is placed r i g h t  
j u s t i f i e d ;  e.g., "22". 
I f  t h e  user  p r e f e r s  t o  use t h e  
b u i l t - i n  pipe s i z e s  s e t  i n  t h e  program 
ins tead  of en ter ing  spec i f i ed  p ipe  
s i z e s ,  leave t h i s  l oca t ion  blank o r ,  
equivalent ly,  en t e r  a "0"; i n  t h i s  
case  the  following one o r  two cards  
on pipe s i z e s  a r e  omitted. 
S e t  4 - COST S e t  4 - COST 
S u b s e t  Card Card Format Descr ipt ion Variable  Default  
Number Colunm Name Value 
4 d- 4 *** 16 .the ~ b m  4peCidieb a non-zeho v d u e  *** 
COSTFN 06  NSIZE i n  columnd 31-25 0 6  Xhe we- 
ceding d ( C d  3 06  4d-COSTFN), b& 
doeb no2 entm any pipe bize  v d u a  i n  
Xkid cahd 4 ,  Xhe blLiet-in pipe a i z e b ,  
~ W n g  dh0m 8 in. diametm, uriee 
automai5ca.Uy be W e h e d  a6 Xhe de~aue t  
vdueb, up .to .the p i p e  whohe hank i n  
hize  L e ~ d  20 NSIZE. 
F5.0 Diameter i n  in .  (m) of the  smallest PDIA(1) None 
pipe s i z e s ;  e.g. ,  "12." 
F5.0 Diameter i n  i n .  (m) of t he  second PDIA(2) None 
smal les t  p ipe  s i z e ;  e.g., "15." 
F5.0 Repeat u n t i l  a l l  t h e  p ipe  s i z e s  are 
F5.0 spec i f ied .  Each va lue  i s  entered 
wi th in  t h e  f i v e  columns a l l o c a t t e d .  
*** 16 Xhe numbm 06 pipe b i zeb  exceeds 16,  *** 
&e unmi.ning vdueb ane entehed in 
anoXheh cami ( Cand 5 ) immediately 
6oUouLing, in Xhe hame domat as above, 
untie dee Xhe pipe h i z e s  (maximum 24) 
ahe hpecidied. 
S e t  5  - RISK S e t  5  - RISK 
Card Card Format Description Variable Default  
Number Column Name Value 
**** The RISK c d  a e t  pmvide6 in601unation concerruting &k **** 
c o n & d W o n  and Lt ~ e q u h x l  OW 604 IUD-2.  16 
IUD-1 u e d ,  t f~A cahd a e t  m u t  be o m a e d .  
Tkib c d  a e t  conikin6 &hen. one 06 t h e  6oUouling &o 
m c L t u d &  e x d u i v e  opaXan6 : 
( a )  Cands 1 and 2 on@ m e  needed when t h e  a i n g l e  
M e g m a 5 o n  12 evcLeuation method LA used.  In 
t k i b  cube,  omit Cmd 3. 
(b l  Cands 1 and 3 m e  needed i 6  t h e  &k 6 u n c t i o ~ d  m e  
used.  In t k i A  cube, omit Cmd 2 .  
This number s p e c i f i e s  which one of IRISK 
t h e  two r i s k  op t ions  is  used. I f  t he  
s i n g l e  i n t e g r a t i o n  method i s  used, 
p lace  a  "0" i n  column 5. I f  t h e  
quadra t ic  r i s k  equat ions a r e  used, 
e n t e r  t he  number of equat ions i n  
column 5. This number must no t  
exceed 4. 
This number s p e c i f i e s  whether t h e  in- WRITRI 0 
put da t a  on r i s k  w i l l  be pr in ted  
out .  I f  p r i n t  out  is des i red ,  p l ace  
"1" i n  column 10. I f  no p r i n t  out  
is des i r ed ,  p lace  a  "0" i n  columnl0. 
11-20 F10.0 The common o r  de fau l t  assessed damage DEDAMC None . 
cos t  i n  d o l l a r s  f o r  a  sewer i n  t h e  
event  of Flooding due t o  inadequate 
capac i ty  of t h i s  sewer. For a  given , 
sewer whose assessed damage cos t  is  
d i f f e r e n t  from t h i s  de fau l t  value,  t h e  
p a r t i c u l a r  va lue  is entered i n  Card 3 
of Set 6  NETWORK f o r  t h a t  p a r t i c u l a r  
sewer. This number is  required only 
f o r  ILSD-2 using t h e  r i s k  funct ion 
opt ion (Option 1 i n  column 5). 
Otherwise, l eave  t h i s  space blank. I f  
t he re  is no common o r  d e f a u l t  va lue ,  
a l s o  leave t h i s  space blank. 
This  value is entered i n  s c i e n t i f i c  
format with t h e  l a s t  d i g i t  placed i n  
column 20; e.g. ,  
1.E4 is equivalent  t o  10,000 o r  10 4 
1.5E6 is  e  u iva len t  t o  1,500,000 o r  2 1.5  x 10 . 
21-30 F1O.O The e x p e c t e d  s e r v i c e  p e r i o d  o f  t h e  TR None 
s e w e r  s y s t e m  i n  y e a r s ;  e . g . ,  "50 . I 1  
Set 5 - RISK Set 5 - RISK 
Card Card Format Descr ipt ion Variable Default  
Number Column Name Value 
*** Tkid c a d  iA needed o n 4  when t h e  &ingate .*** 
i n t e g n a t i o n  method iA u e d  
1-10 F1O.O This number s p e c i f i e s  t h e  c o e f f i c i e n t  SIGMAC None 
of v a r i a t i o n  f o r  p ipe  capaci ty;  
e.g. ,  "0.13". 
11-20 F1O.O This  number s p e c i f i e s  t h e  c o e f f i c i e n t  SIGMAL None 
of v a r i a t i o n  of pipe loading; e.g. ,  
"0.23". 
3  *** Tkid catrd hpecibien t h e  v ~ u e n  06 t h e  *** 
coe66icievu2 i n  t h e  d h  6uncfion.b 06 
t h e  6oUowing born: 
2 d Risk = exp (a f b*SF + c*SF ) *T 
r 
1-10 F1O.O The value of c o e f f i c i e n t  "a" f o r  
the f i r s t  r i s k  equat ion;  e.g., 
"0.5". 
RA(1) None 
11-20 F1O.O The value of c o e f f i c i e n t  "b" f o r  
"37. " RB(1) t h e  f i r s t  r i s k  equat ion;  e.g., 
21-30 F1O.O The value of c o e f f i c i e n t  "c" f o r  RC (1) 
t h e  f i r s t  r i s k  equation: e .g . ,  "2.2". 
31-40 F1O.O The va lue  of t h e  exponent "d" f o r  RD (1) 
t h e  f i r s t  r i s k  equat ion;  e.g., 
"0.33". 
*** Repeat X k i d  catrd 6 0 l ~  t h e  v&en 06 t h e  *** 
coe66icien.12 6 0 l ~  each 06 Xhe l~emaining 
hinh equation4 up Xo a marcimm 06 6owl 
equationd. The X 0 . W  n m b e l ~  06 X k i n  
Catrd 3 i~ equal Xo t h e  n m b m  06 d h  
equation4 hpec id ied i n  column 5 06 
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S e t  6 -, NETWORK S e t  6. - NETWORK 
Card Card Format Descr ipt ion Variable Default  
Number Column Name Value 
1 41-50 F1O.O Maximum a l lowable  crown e l e v a t i o n  i n  ELUC None 
f t  (m) a t  t h e  downstream end of t h e  
sewer; e . g . ,  "96 .2" .  I f  t h e r e  is  
no c o n s t r a i n t  ( i n  a d d i t i o n  t o  t h e  
minimum s o i l  cover requirement) on 
t h e  crown e l e v a t i o n  of t h i s  sewer,  
l eave  t h i s  space  b lank .  
51-60 F1O.O Minimum allowable i n v e r t  e l eva t ion  i n  ELUI None 
f t  (m) a t  the downstream end of t he  
sewer; e .  g.  , "89.0". I f  t he re  is no 
cons t r a in t  on the  i n v e r t  e l eva t ion ,  
l eave  t h i s  space blank. 
*** [A] 16 t h e  mown e l e v a t i o n  06 a AWek at *** 
i a 3  e x i t  .h t o  be @xed at a pCC1LticLLea)L 
va lue,  punch "-99."  i n  c o h n ~  51-60 and 
specihy t h e  dixed mown e l e v d o n  i n  
c o h n A  41-50. 
( 8 )  Fok an e x h Z h g  a w m ,  bpecidy ih 
dowu&eam PhOWM e.!@.ua,ti.~n i n  cottcmnn 4 1 - 
50 and l ~ . a v e  c olrunn~ 5 1 - 60 btanh.. 
*** 16 both t h e  mown and inv& devat iov ld  **x 
at e i t heh  one oh both en& 0 6  t h e  aewm 
cvre t o  be condXmined, t h e  design may 
n o t  phoceed and a lulvrning w i tY  be phinted 
i d  .the minimum di66mence between thede 
devat iov ld  i~ l a a  than  e i t h m  I 1  I .the 
b ~ g e s t  p ipe  d h m e t m  npecidied by  t h e  
u ~ m  i n  S e t  4-COST, oh (2) 10 6 t  which 
t h e  h g u t  n i z e  i n  .the but&-& c o s t  
t a b l a  and 6 u n c t i o n ~ .  
61-70 F10.0 Pipe s i z e  of e x i s t i n g  sewer i n  i n .  P  I D  I A  None 
(m) : e.g.  , "24.0". I f  the  sewer 
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S e t  6 - NETWORK S e t  6 - NETWOFX 
Card Card Format Desc r ip t ion  
Number Column 
Var iab le  Defau l t  
Name Value 
- 
*** TkC6 cahd A needed only i d  any one 011 *** 
make 0 6  the  {ollouling conditiovln m e  
conbideted. O R h m A e ,  o n i t  R h b  cahd. 
( A )  16 detention Atohage iA  cornideked 
at the  up~theam 06  t k i n  ~ e w e h .  
( 8 )  16 IUD-2 A uded w U e  eithek ( 1 1  
t h e  ande6aed damage codt 6011 .tkib dweh 
A diddehent 6kom t h e  d e ~ a u e t  v d u e  
dpecidied i n  colwnnd 1 1 - 2 0 o 6 Cmd 1 ,  
Se t  5-RISK, 04 ( 2 )  t h e  &h  equation 
6011 t k i b  d e w e h  A not t h e  6At &h  
equation (~pec i6 i ed  i n  t he  6 h t  cmd 
0 6  Cmh 3 ,  S& 5-R7SK) when t he  h i d h  
equation op$ion A ubed and t he  numbeh 0 6  'Link equations A mom thn 1 [ i . e . ,  
column 5 i n  Cmd 1 ,  S& 5-RISK A 2 ,  3 ,  
011 4 ) .  
( C )  16 t he  aweh A an exh$ing ~weh. 
1- 10  Leave b lank  
11-20 I 1 0  Th i s  number s p e c i f i e s  t h e  o p t i o n s  NSTOR 0  
f o r  accoun t ing  f o r  d e t e n t i o n  s t o r -  
age  a t  t h e  upstream end of  t h e  sewer. 
( a )  I f  no d e t e n t i o n  s t o r a g e  i s  allowed 
at  t h e  upstream end of t h e  sewer i n  
t h e  d e s i g n  o p t i m i z a t i o n  p rocess  
l eave  t h i s  space  blank,  o r  p l a c e  a 
"0" i n  column 20. 
(b )  I f  t h e  c o s t  of d e t e n t i o n  s t o r a g e  
i s  included i n  t h e  o p t i m i z a t i o n ,  
whether t h e  d e t e n t i o n  s t o r a g e  a t  
t h e  upstream of t h e  sewer is  w i t h  
o r  wi thou t  c o n s t r a i n t s  on maximum 
ou t f low,  on maximum s t o r a g e  volume, 
o r  on b o t h ,  p l a c e  a  "1" i n  column 20. 
( c )  For an e x i s t i n g  sewer,  i f  t h e  u s e r  
d e s i r e s  t o  compute t h e  r e q u i r e d  
s t o r a g e  volume t o  r e l i e v e  t h e  su r -  
charge  c o n d i t i o n  when t h e  sewer 
c a p a c i t y  is inadequa te ,  p l a c e  a  "2" 
i n  column 20. I n  c o s t  computat ion 
e x i s t i n g  sewers  a r e  n o t  i n c l u d e d .  
(d )  For an  e x i s t i n g  sewer,  i f  i t s  flow 
c a p a c i t y  is  inadequa te  and appro- 
x imate  su rcharge  f low computation is 
adopted and no computation of 
s t o r a g e  t o  r e l i e v e  t h e  su rcharge  
c o n d i t i o n  is r e q u r i e d ,  p l a c e  a 
"3" i n  column 20. 
S e t  6  - NETWORK S e t  6  - NETWORK 
Card Card Format Descr ip t ion  
Number Colunm 
Var iab le  Defaul t  
Name Value 
3 21-30 F1O.O Maximum out£  low i n  c f s  (m / s )  MAXF 3 1.OE25 
allowed from t h e  d e t e n t i o n  s t o r a g e  
element a t  t h e  upstream of t h e  sewer. 
I f  t h e r e  is no maximum outf low con- 
s t r a i n t  o r  no d e t e n t i o n  s t o r a g e  is 
considered (Options 0  and 3)  l eave  
t h i s  space blank.  
31-40 F1O.O Maximum a l lowable  volume i n  cu f t  (m3) SSMAX 1.OE25 
f o r  t h e  d e t e n t i o n  s t o r a g e  element a t  
t h e  upstream of t h e  sewer. I f  t h e r e  
is no maximum volume c o n s t r a i n t ,  l e a v e  
t h i s  space blank.  For Options 0 ,  2,  
and 3  a l s o  l e a v e  t h i s  space blank.  
41-50 F10.O For an e x i s t i n g  sewer ,  t h e  volume i n  ESTOR 0 .  
cu f t  (m3) of t h e  e x i s t i n g  s t o r a g e  
e lement  a t  t h e  upst ream end of t h e  
sewer .  Otherwise ,  l e a v e  t h i s  s p a c e  
b l a n k .  
51-60 F1O.O Cost of d e t e n t i o n  s t o r a g e  i n  $/cu f t  STORC 
($/m3) f o r  t h i s  p a r t i c u l a r  sewer i f  
i t  i s  d i f f e r e n t  from t h e  v a l u e  
e n t e r e d  i n  columns 11-20, Card 1,) 
S e t  4-COST. I f  d e t e n t i o n  s t o r a g e  
is  n o t  considered i n  t h e  op t imiza t ion  
f o r  t h i s  sewer (Options 0 ,  2 ,  and 
3)  l e a v e  t h i s  space blank.  
USTORC 
6 1-70 F1O.O Assessed damage c o s t  i n  d o l l a r s  f o r  DAMC DEDAMC 
t h i s  sewer i n  t h e  event  of f lood ing  
due t o  inadequate  c a p a c i t y  of t h i s  
sewer and i f  t h i s  v a l u e  is  d i f f e r e n t  
from t h e  d e f a u l t  v a l u e  s p e c i f i e d  i n  
columns 11-20 of Card 1, S e t  5-RISK. 
I f  ILSD-1 is  used,  l e a v e  t h i s  space 
blank.  For ILSD-2 us ing  t h e  i n t e -  
g r a t i o n  r i s k  a n a l y s i s  ("0" i n  column 5 
of Card 1, Se t  5-RISK) , a l s o  l e a v e  
t h i s  space blank.  For ILSD-2 us ing  
r i s k  f u n c t i o n s  ("1" i n  column 5 of 
Card 1, Se t  5-RISK) t h i s  va lue  is  
s p e c i f i e d  i n  s c i e n t i f i c  format w i t h  
t h e  l a s t  d i g i t  p laced  i n  column 60. 
Risk equa t ion  i d e n t i f i c a t i o n  number RISKF 
r e f e r r i n g  t o  Card 3  of Se t  5-RISK; 
e .g . ,  f o r  t h e  second r i s k  equat ion 
e n t e r  a  "2" i n  column 65. This  number 
is requ i red  only when more than one 
r i s k  equa t ions  ("2", "3", o r  "4" i n  
column 5 of Card 1, S e t  5-RISK) of 
ILSD-2 i s  used and t h e  r i s k  equa t ion  
used f o r  t h i s  sewer i s  n o t  t h e  f i r s t  
equat ion.  Otherwise,  l eave  t h i s  
space blank.  
Set 6 - NETWORK Set 6 - NETWORK 
Card Card Format Description Variable Default  
Number Column Name Value 
**** Repeat .the hub-ghoup 06  c m t h  I ,  2 ,  and 3 ( i d  **** 
hequhed) doh each de.Weh u n t o  a l l  the bWeh6 atre 
accounted doh. Then S e t  6-NETWORK i~ concluded ul i th 
cmd numbeh 4 identidying t h e  exLt node numba. 
4 1-5 I 5  The node number a t  t he  e x i t  of the  CNODE None 
l a s t  sewer of the  e n t i r e  system. (MANTI 
This  number is  placed r i g h t  j u s t i f i e d  
e. g. , "9001". 
6-10 Leave blank. 
11-20 F1O.O Ground e leva t ion  i n  f t  (m) of t h e  GEL None 
l a s t  node; e.g. ,  "88.0". (MILV) 
S e t  7 - HG S e t  7 - HG 
Card Card Format Desc r ip t ion  Var iab le  Defau l t  
Number Column Name Value 
**** T k i n  HG cahd d e t  phovided i n d o m a t i o n  concehrung t h e  **** 
i f l6 lou l  hydhogmphn i n t o  t h e  m a n h a l a .  
1-5 I 5  The t o t a l  number of i n l e t  hydro- NK None 
graphs t h a t  e n t e r  t h e  sewer network, 
i n c l u d i n g  those  supp l i ed  d i r e c t l y  by 
t h e  u s e r  and those  t o  be  genera ted 
from r a i n f a l l .  Th i s  number can be  
e q u a l  t o ,  g r e a t e r ,  o r  l e s s  than t h e  
number of manholes. Th i s  number 
must be  placed r i g h t  j u s t i f i e d ;  
e . g . ,  "12". 
I f  any of t h e  i n l e t  hydrographs a r e  IRAIN 0 
t o  be  produced from s u r f a c e  runoff  
s i m u l a t i o n ,  p l a c e  a  ''1" i n  column 10. 
I f  none, l eave  t h i s  space  blank.  
11-15 I 5  I f  t h e  u s e r  d e s i r e s  t o  p r i n t  o u t  t h e  WRITHY 0 
v a l u e s  of dl of  t h e  s i m u l a t e d  i n l e t  
hydrographs  g e n e r a t e d  from r a i n f a l l ,  
a  "1" i s  p l a c e d  i n  column 15.  User 
s u p p l i e d  i n l e t  hydrographs  d i r e c t l y  
i n t o  manholes a r e  always p r i n t e d  o u t .  
I f  on ly  s e l e c t e d  i n l e t  hydrographs  
g e n e r a t e d  from r a i n f a l l  a r e  t o  b e  
p r i n t e d  o u t ,  l e a v e  t h i s  s p a c e  b l a n k .  
**** FoLtowing t h e  6 h t  cahd i n  tkin S e t  7-HG m e  t h e  **** 
cah& p e t t i n e n t  t o  i nd iv idua l?  inlet h y d r l o g ~ p h h .  
Each in le t  hydhoghaph conta inh one oh mohe can& 
accohding .to om 06  the  6 o U o d n g  , t h e e  o p f i o n h :  
( a ]  Cahd 2 o n l y  A w e d  doh t h i a n g d a h  inlet hydho- 
gmphn.  [ b )  C a h h  2 and 3 toge theh  m e  u e d  6oh a h b i t m y -  
dhape inlet hydhogmphn aupp4Jied by t h e  U e h .  
( c )  C d  4 and 5 o n l y  ahe u e d  when t h e  inlet 
h y d h o g ~ p h  .i~ genetrated t h o u g h  dU.hdace 
/lun066 d i m W o n .  
D i 6 6 u e n t  op f ionb  m e  &owed 604 di66e.hent inlet 
hydrlogmphn, w h e t h u  t h e y  ahe e n t e t i n g  t o  t h e  
dame oh di66ehevd manhaled. But 6 0 ~ t  a g i v e n  hy&o- 
g m p h  o n l y  one o p f i o n  A &owed. A manhole can 
have ZehV, one oh mohe t h a n  one hydrloghaphh 
e n t e t i n g  i n t o  it. D i d  6elren.t inlet h y d r l o g ~ p h h  ,
& a p e d  0 6  $he op.tionh, can be entehed at any 
mndom ohdeh. Foh each i n l e t  t h e  cah& 
Aoh t h e  op t ionh  t h a t  ahe n o t  w e d .  No btuf lk  cah& m e  
heqlLi/red 60lr an inlet w i t h o u t  an i n h l o w  hydtlo- 
ghaph. 
S e t  7 - HG S e t  7 - HG 
Card Card Format Descr ip t ion  Var iable  Defau l t  
Number Column Name Value 
2 1- 5 Leave blank.  
6-10 I5  Manhole number where t h e  i n l e t  MAN None 
hydrograph e n t e r s  ; e . g . , "9001" 
This  number must be placed r i g h t  
j u s t i f i e d .  
11-20 F1O.O Time when i n l e t  hydrograph i n t o  TAU 0. 
t h e  manhole i n l e t  s t a r t s ,  i n  
minutes;  e .g . ,  "4." Th is  t ime 
is  t h e  t i m e ,  TAU, a f t e r  t h e  i n i t i a l  
time s p e c i f i e d ,  a t  which t h e  in f low 
hydrograph beg ins  t o  r i s e  from t h e  
base  flow ( s e e  Fig.  8) . 
21-30 F1O.O Durat ion of t h e  i n l e t  hydrograph DUR None 
i n  minutes;  e .g . ,  "22 ." This  
v a l u e  i s  t h e  t i m e  b a s e  DUR (see  
F ig .  8) o f  t h e  i n p u t  hydrograph 
a t  the manhole. 
31-40 F1O.O Time i n t e r v a l  of i n l e t  hydrograph DDT DT 
v a l u e s  i n  minutes ( s e e  Fig.  8 )  : 
e.g . ,  "5.0". Th i s  t i m e  i n t e r v a l  
i s  cons tan t  f o r  a hydrograph bu t  
can be  d i f f e r e n t  f o r  d i f f e r e n t  
in f low hydrographs. The d e f a u l t  
v a l u e  is  t h e  same a s  DT i n  Card 
2 of S e t  3-DI. 
41-50 F1O.O Magnitude of i n i t i a l  base  flow QB 0. 
i n t o  t h e  manhole i n l e t  i n  c f s  
(m3/s) ; e .  g. , "0.1". This  v a l u e  
i s  QB i n  Fig .  8. 
5 1-60 F1O.O Magnitude of f i n a l  b a s e  flow i n t o  QE 0 .  
t h e  manhole i n  c f s  (m3/s) ; e . g . ,  
"0.2". Th i s  v a l u e  is  QE i n  p i g  8. 
6 1- 70 F1O.O For a t r i a n g u l a r  i n l e t  hydrograph QP None 
t h e  magnitude of peak d i scharge  of 
t h e  hydrograph i n  c f s  (m3/s); e .g . ,  
"5.42". Th is  v a l u e  is  QP a s  
de f ined  i n  F ig .  8. If t h e  
i n l e t  hydrograph i s  n o t  t r i a n g u l a r ,  
l eave  t h i s  space  blank.  
71-86 F1O.O For a t r i a n g u l a r  i n l e t  hydrograph A 0  
t h e  r a t i o  of t h e  t ime when peak 
flow occurs  t o  t h e  d u r a t i o n  of 
t h e  i n l e t  hydrograph; i . e . ,  AO= 
PTfDUR ( s e e  Fig .  8 )  e . g . ,  
"0.4". For  t h e  c a s e  of AO=O, 
e n t e r  "1.E-25". I f  t h e  i n l e t  
hydrograph is  n o t  t r i a n g u l a r ,  
l e a v e  t h i s  space b lank .  
6 1 
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S e t  7 - HG S e t  7 - HG 
Card Card Format Descr ip t ion  Var iable  Defaul t  
Number C o l m  Name Value 
4 *** T h h  c a d  numbet 4 h ucled o d y  y. y. y. 
when one o t  mote id& kyckognaphn 
m e  genmated @om ku in  inpu t .  1 n 
R h h  cane a " 7 "  m a f  a p p u  i n  
coLumn 70 od Cand 7 0.5 R h h  cmd a&, 
and C m d  S& 8-RAIN m u s t  be euttued. 
A "1" must b e  placed i n  column 5 IHY None 
t o  i n d i c a t e  t h a t  t h i s  i n l e t  hydro- 
graph w i l l  be  generated through 
s u r f a c e  runoff s imula t ion .  
6-10 IS Manhole number where t h e  i n l e t  INLET1 None 
hydrograph e n t e r s  t h e  system. 
Th is  number must be placed r i g h t  
j u s t i f i e d .  
11-20 F1O.O T o t a l  d ra inage  a r e a  of t h e  B A None 
subcatchment f o r  t h i s  i n l e t  
hydrograph i n  a c r e s  (ha ) .  
21-25 F5.0 D i r e c t l y  connected impervious CPA None 
a r e a  i n  a c r e s  (ha ) .  
26-30 F5.0 D i r e c t l y  connected impervious PCPA None 
a r e a  i n  pe rcen t  of t o t a l  
subcatchment a r e a  f o r  t h i s  i n l e t .  
T h i s  is an a l t e r n a t e  t o  t h e  
preceding i t em (CPA) . Only one 
should be s p e c i f i e d ,  n o t  both .  
Supplemental impervious a r e a  i n  SPA None 
a c r e s  (ha ) .  T h i s  is t h e  a r e a  
which f lows onto  d i r e c t l y  c o n t r i -  
b u t i n g  perv ious  a r e a s  be fore  
reach ing  t h e  i n l e t .  
Supplemental impervious a r e a  as PSPA None 
percen t  of t o t a l  subcatchment 
a r e a  f o r  t h i s  i n l e t .  T h i s  i s  an  
a l t e r n a t e  t o  s p e c i f y i n g  t h e  
preceding i tem (SPA). Only one 
should be s p e c i f i e d ,  n o t  both.  
D i r e c t l y  c o n t r i b u t i n g  CGA None 
perv ious  a r e a  i n  a c r e s  ( h a ) .  
D i r e c t l y  c o n t r i b u t i n g  pervious  PCGA None 
a r e a  as percen t  o t  t h e  t o t a l  
subcatchment a r e a  f o r  t h i s  
i n l e t .  Th i s  is  an a l t e r n a t e  t o  
t h e  preceding i tem (CGA). Only 
one should be s p e c i f i e d ,  no t  
both .  
6 3 
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4 51-55 F5.0 Supplemental pervious  a r e a  i n  SGA None 
a c r e s  (ha) .  Th i s  is an  a r e a  
which flows onto  d i r e c t l y  
connected impervious a r e a  be fore  
reach ing  t h e  i n l e t .  
Supplemental pervious  a r e a  i n  PSGA None 
percen t  of t h e  t o t a l  subcatch- 
ment a r e a  f o r  t h i s  i n l e t .  Th i s  
is an a l t e r n a t e  t o  speci-fying 
t h e  preceding i tem (SGA) . Only 
one should be  s p e c i f i e d ,  n o t  both.  
*** The 6oUoluing fi.00 muXu&y e x c l w i v e  i t e m  *** 
concznn.incq t h e  n o n - c o m f x i b u R i ~ g  ntrea n n c  
entmuixt ortlrj a chech,ur:tetkct .the hwn 0 6  
t h e  component atrean i . ~  e q u d  t o  Xhe t o t a l  
bubcatchment &yea IBA 1 . 7 t h e  chec-hing i i~ not d e h h e d ,  " - I l l  munX e e n t u e d  60h 
& h u  one 06 Rhe v d e u ~ ? ~ ,  noX 
NCA 
PNCA 
61-65 F5.0 Non-contributing a r e a  i n  
a c r e s  (ha ) .  
66- 70 F5.0 Non-contributing a r e a  i n  
pe rcen t  of t h e  t o t a l  sub- 
catchment a r e a  f o r  t h i s  i n l e t  
This  i s  an a l t e r n a t e  t o  s p e c i f y i n g  
t h e  preceding i tem (NCA) 
Only one should b e s p e c i f i e d ,  
n o t  both .  
I f  t h e  ra in -genera ted  hydrographs  HYD 
f o r  a l l  t h e  i n l e t s  w i l l  n o t  b e  
p r i n t e d  (Opt ion "0" i n  columns 15  
of Card 1 of t h i s  c a r d  set 7-HG) 
and y e t  i t  is  d e s i r e d  t o  p r i n t  o u t  
t h e  s i m u l a t e d  i n l e t  hydrograph f o r  
t h i s  i n l e t ,  e n t e r  a "1" i n  column 
80. 
For RAIN Opt in  "0" i n  Pe t  8-RAIN, 
Card 1, column 5 ,  t h i s  p r i n t  
command "1" wi l l .  p r i n t  o u t  t h e  
hyetograph f o r  t h e  d e s i g n  of t h e  
sewer whose upstream end is  
connected t o  t h e  manhole s p e c i -  
f i e d  i n  columns 6-10 of t h i s  
c a r d ,  and i t  w i l l  a l s o  p r i n t  a l l  
t h e  s i m u l a t e d  i n l e t  hydrographs  
upstream of t h i s  sewer which a r e  
g e n e r a t e d  from t h e  des ign  
hyetograph.  
Otherwise ,  l e a v e  t h i s  s p a c e  b l a n k .  
Set 7 - HG Set 7 - HG 
Card Card Format Descr ip t ion  Variable  Defaul t  
Number Column Name Value 
*** T h d  c m d  d needed onRy when k n -  **J; 
g e n ~ h a t e d  hy&oglta@ ahe 
i nvo l ved .  
1-5 Leave blank.  
6-10 I5 Manhole number where t h e  i n l e t  INLET None 
hydrograph e n t e r s .  Th is  number 
i s  r i g h t  j u s t i f i e d .  
*** Two opt ionb m e  al lowed t o  dpeci6y t h e  h e  *** 
06 concentndt ion bolt t h e  d ihec t  h p ~ h v i o u b  
m e a ,  d i r tect  p m v i o w  m e a ,  and ~upplementae 
peltvioub mea.  
(a)  Z t  can be pltovided by t h e  ubelt; olt 
( b )  Z t  can be computed bq inpua%ng t h e  
&ope and Length 06 t h e  6Low path. 
Ui66elten.t op,I5on~ m e  al lowed 604 diddenent 
component. meas o 6 t h e  b m e  id&. and bolt 
di66enent ids. Howevelt, dolt each 
component m e a  on l y  one o p a o n  al lowed, 
n o t  both. 
11-1 5 F5.0 User provided d i r e c t  i ~ ~ i p e r v i o u s  PENT 
area en t  t y  t lme i n  minutes.  This  
1s t h e  time of concen t ra t ion  a t  
the i n 3 e ~  f o r  tile d i r e c t l y  con- 
nected impervious area. 
Length i n  f t  (m) of t h e  longes t  FL 
d i r e c t l y  connected impervious 
a r e a  flow pa th  t o  t h e  i n l e t .  I f  
t he  d i r e c t  impervious e n t r y  time 
(PENT) is  s p e c i f i e d ,  t h i s  space 
must be l e f t  blank. 
Slope ( i n  percen t )  of t h e  d i r e c t l y  PS 
connected impervious a r e a  flow 
pa th .  I f  t h e  impervious e n t r y  t ime 
(PENT) i s  spec i f i ed ,  t h i s  space 
must be  l e f t  blank. 
None 
None 
User provided d i r e c t  pe rv ious  a r e a  GENT 20. 
e n t r y  time i n  minutes. Th is  i s  t h e  
t ime of cone t r a t i on  a t  t h e  i n l e t  
f o r  t h e  d i r e c t l y  con t r i bu t i ng  
pervious  a r e a .  
S e t  7 - HG S e t  7 - HG 
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5 31-35 F5.0 Length i n  f t  (m) of t h e  l o n g e s t  GL None 
d i r e c t l y  c o n t r i b u t i n g  p e r v i o u s  
a r e a  f low p a t h  t o  t h e  i n l e t .  I f  
t h e  d i r e c t  pe rv ious  e n t r y  t i m e  
(GENT) i s  s p e c i f i e d ,  t h i s  s p a c e  
must b e  l e f t  b l a n k .  
Slope ( i n  pe rcen t )  of t h e  d i r e c t l y  GS 
c o n t r i b u t i n g  pervious  a r e a  f low 
pa th .  I f  t h e  d i r e c t  pe rv ious  e n t r y  
time (GENT) is s p e c i f i e d ,  t h i s  space 
must be  l e f t  b lank.  
None 
User provided supplemental  pe rv ious  SGENT 20. 
a r e a  time of concen t ra t ion  t o  t h e  
d i r e c t l y  connected impervious a r e a ,  
i n  minutes.  
Length i n  f t  (m) of t h e  l o n g e s t  SGL 
supplemental  pe rv ious  a r e a  flow 
path  t o  t h e  d i r e c t l y  connected 
impervious a r e a .  I f  t h e  supple- 
mental  pervious  a r e a  time of 
concen t ra t ion  (SGENT) is 
s p e c i f i e d ,  t h i s  space must be 
l e f t  blank.  
Slope ( i n  pe rcen t )  of t h e  supple- SGS 
mental pe rv ious  a r e a  flow path.  
I f  t h e  supplemental  pervious  a r e a  
time of c o n c e n t r a t i o n  (SGENT) is 
s p e c i f i e d ,  t h i s  space must be 
l e f t  blank.  
*** The doUowing dow~ &ems Apecidy the values *** 
06  the bo i l  type,  antecedent boi l  moiMuhe 
condition, and initid a b b t t a d o n  lobbe6 
do& the impehvioa and pmvious ahea dot 
tk ib  plXhticLLem ~ubcatchment only i d  they 
me didderrent @Lorn the common v d u a  
~pecidied i n  Cmd 2 ,  S e t  8-RAIN. Othm- 
wine leave the comecsponding bpacecs blank. 
None 
None 
56-60 I5 This  number i d e n t i f i e s  t h e  SCS GROUP SOIL 
hydrologic  s o i l  group f o r  t h e  sub- 
catchment d ra ined  by t h e  s p e c i f i e d  
i n l e t .  Enter t h e  number i n  column 60 
only  i f  i t  i s  d i f f e r e n t  from t h a t  
s p e c i f i e d  i n  column 45 ( ~ 0 1 0  of 
Card 2 ,  Se t  8-RAIN. 
S r t  7 - S e t  7 - HG 
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5 61-65 I 5  Antecedent s o i l  mois tu re  cond i t ion  SAMC AMC 
f o r  t h e  subcatchment. En te r  t h e  
number i n  column 65 on ly  i f  i t  is 
d i f f e r e n t  from t h a t  s p e c i f i e d  i n  
column 20 (AMC) of Card 2, Se t  8-RAIN. 
66-70 F5.0 I n i t i a l  a b s t r a c t i o n  l o s s  i n  i n .  SABS ABSTRT 
(mm) f o r  impervious a r e a s  i n  t h e  
subcatchment. En te r  t h e  va lue  h e r e  
only  i f  i t  is d i f f e r e n t  from t h a t  
s p e c i f i e d  i n  columns 21-30 (ABSTRT) 
of Card 2,  S e t  8-RAIN. I f  t h e  i n i t i a l  
l o s s  is z e r o ,  e n t e r  "1.E-9". 
71-75 F5.0 I n i t i a l  a b s t r a c t i o n  l o s s  i n  i n .  SDEPG DEPG 
(mm) f o r  pe rv ious  a r e a s  i n  t h e  sub- 
catchment. En te r  t h e  v a l u e  h e r e  only  
i f  i t  i s  d i f f e r e n t  from t h a t  s p e c i f i e d  
i n  columns 31-40 (DEPG) of Card 2,  
S e t  8-RAIN. i f  t h e  i n i t i a l  l o s s  i s  
z e r o ,  e n t e r  l.E-9". 
76-80 F5.0 A r a i n f a l l  a r e a  adjustment f a c t o r  FREQR 1.0 
which can be  used t o  a d j u s t  a l l  
r a i n f a l l  hyetograph o r d i n a t e s  f o r  
t h i s  i n l e t .  I f  no adjustment is 
needed l e a v e  t h i s  space blank.  
**** Repeat C a d  2,  2 p h  3, o t  4 plw 5 u n a  dY t h e  **** 
id& h y d m g m p h  ahe accounted dot.  Cahd nwnbm 3 
must 6oLtow t h e  comenponding cahd nwnbet 2 06 t h e  
hame i n l e t  hychogmph. L ikeu l i~c ,  cahd nwnbet 5 must 
6oeQow the. cowce4ponding cahd nclmbe~ 4 the. h m e  
id& hychogmph. Oth4/ruli6e, t h e  c a h d  ( i . e . ,  t h e  
id& hychogmph)  can be entmed c t  genehated i n  
any m d o m  otdet .  
' (T=NIW) 
pasn sy qd~1802aXq pay~ddns 
lasn e jy 273a lo3 pay~ysads 
2eqJ ueq2 laqeal8 aq 2ou pInoqs 
anIeA STqL '(9 Ple3 '3H-L 
2as ple3 uo T=~I) u0~2e~nm~s 
no13 a~ajlns Xq pa2elaua8 
sqde~8o~pXq aq2 30 sanTeA aq2 
LT3a HILTBa 103 sa3nu.p LIT ~e~la~uy !TJ 
-uyseq aileuyelp alyJua aq2 02 pay~dde 
aq I~TM 21 *eInwloj drlysua2uy 
pue 'uoy2elnp ssa3xa llejuyex 
'poylad uln2ax u8ysap paylddns lasn 
mol3 pa2elaua% sy qayqm qdel2ojadq 
leln8uep~ essruasaldal v (p) 
*uyseq 
a8euyelp aly2ua aq2 02 payldde 
aq l~ym 31 'q~dap pue uoy2elnp 
ll~juyel paylddns lasn mol3 
pa~exaua8 sy qayqm ' qdel%o~adq 
1eIn%ueyl2 e sawaypur lr~l, v (3) 
uyseq 
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S e t  8 - R A I N  S e t  8 - RAIN 
Card Card Format Descr ipt ion Variable  Default 
Number Column Name Value 
16-20 F5.0 Tota l  r a i n f a l l  depth i n  i n .  (mm) ; TRAIN None 
e.g., "1.27". For Option "1" t h i s  
number is op t iona l  and i f  entered,  
serves a s  a check. I f  t h e  r a i n f a l l  
i n t e n s i t y  formula i s  used, i .e. ,  
i f  Options "0" o r  "3" is entered i n  
column 5 of t h i s  card,  l eave  t h i s  
space blank. 
F5.0 For RAIN Option "2" t h i s  va lue  is DURA None 
t h e  u s e r  s p e c i f i e d  r a i n f a l l  du ra t i on  
i n  minutes ; e . g. , "120. " For RAIN 
Option "3" t h i s  va lue  is t h e  u se r  
s p e c i f i e d  d u r a t i o n  of r a i n f a l l  excess  
i n  minutes;  t h e  t o t a l  r a i n  du ra t i on  
is t h i s  v a l u e  added t o  t h e  computed 
t i m e  requi red  t o  s a t i s f y  t h e  i n i t i a l  
l o s s e s .  For t h e  o t h e r  two op t ions  
(0 and 1)  l eave  t h i s  space b lank .  
For  RAIN Option "1" t h e  d u r a t i o n  is 
computed as  NRI*DELT. 
26-30 I 5  The number of hyetograph values  NRI  
t o  be provided by the  user  i n  Card 
3 of t h i s  set i f  RAIN Option "1" 
is used, maximum 60. This  v a l u e  is 
ignored for o t h e r  RAIN Options.  
None 
31-35 F5.0 Ra in fa l l  r e tu rn  per iod i n  years ;  
e. g. , "5. " For Options "I" and 
"2" i n  column 5 of t h i s  card,  
r e tu rn  period is not  included i n  
computation and t h i s  space can be  
l e f t  blank; and i f  en te red ,  t h e  
value w i l l  be  p r in t ed  out .  
FREQ None 
36-40 F5 .0 Ra t io  of t i m e  ;of peak r a i n f a l l  t o  AP 
r a i n f a l l  du ra t i on ;  e . g . , "0.35". 
I f  t h e  v a l u e  of t h i s  r a t i o  is ze ro ,  
e n t e r  "1.E-9". I f  t h e  hyetograph 
i s  supp l i ed  by t h e  u s e r  (Option 1 
i n  Column 5 of t h i s  card)  l e a v e  
t h i s  space  b lank .  
Set 8 - RAIN Set 8 - RAIN 
Card Card Format Description Variable Default 
Number Colum Name Value 
1 *** 16 t h e  mi.nba.42 Ln2enbi.t~ dohmulea .ib not  *** 
~bd, ( i . e . ,  OpZionb "1"  and "2" .in - 
c o h n  5 04  a % h  c d )  leave  Apace6 41-65 
b h k .  The boUoowing v&e6 m e  w-quined 
0n5j boa O p ~ o n b  "0" and ''3" i n  column 5 .  
They m e  t h e  coebbicients ob &thm one 06 
t h e  bo&wing &o bohmutcu 
Coefficient C 1  i n  the average 
r a i n f a l l  in tens i ty  formula; 
e.g. , "120." 
C 1  None 
46-50 F5.0 Coefficient C2 i n  the average rain- C2 None 
f a l l  in tens i ty  formula; e-g., "10." 
51-55 F5.0 Exyoncnt a i n  the  average r a i n f a l l  EXPA None 
in tens i ty  formula; e.g., "0.18". 
56-60 F5.0 Exponent b i n  the average r a i n f a l l  EWB None 
in tens i ty  formula; e.g., "0.70". 
61-65 F5.0 Exponent b' i n  the  average r a i n f a l l  EXPC None 
in tens i ty  formula; e.g., "0.8". 
+** W h t m  EXPB oa EXPC i.4 ~pec l ib ied  acceding *** 
to t h e  equcLtion u e d ,  not  both. 
S e t  8 - R A I N  Se t  8 - R A I N  
Card Card Format Descr ipt ion Variable Default  
Number Column Name Value 
2 *** Tkid c m d  p h o v i d a  indohmation on common *** 
abhtkuct iann dab t h e  e n t i h e  c h i n a g e  babin.  
1-10 Leave blank 
11-20 I10 Antecedent s o i l  moisture condi t ion.  AMC 
The use r  must en t e r  one of t he  
following four  numbers: 
1 = bone dry  
2 = r a t h e r  dry 
3 = r a t h e r  wet 
4 = sa tu ra t ed  
21-30 ' ~ 1 0 . 0  I n i t i a l  abs t r ac t i on  lo s se s  f o r  ABSTRT 0.1  
impervious a r ea s  i n  i n .  (mm), e .g . ,  
110.1511. If t h e  i n i t i a l  l o s s  i s  
ze ro ,  e n t e r  "1.E-9". 
31-40 F1O.O I n i t i a l  a b s t r a c t i o n  l o s s e s  f o r  DEPG 0.2 
pervious a r ea s  i n  i n .  (mm) , e .g . , 
"0.3". I f  t h e  i n i t i a l  l o s s  i s  
ze ro ,  e n t e r  "1 .E-9". 
41-45 I 5  Predominant s o i l  type i n  i n t ege r  SOIL 2 
designat ion : 
1 = SCS s o i l  group A 
2 = SCS s o i l  group B 
3 = SCS s o i l  group C 
4 = SCS s o i l  group D 
*** The above v d u e n  m e  abawned doh t h e  *** 
aubcdtchments 0 6  t h e  e n t i h e  dhcLinage 
yhtem u v d u a  t h e y  m e  o v d d d e n  by 
hpecidqing doh t h e  patLticLLem a e m b  doh 
a g i v e n  dubcatchment ab i n d i c a t e d  i ~ .  t h e  
u p p o p h i a t e  apaceb i n  coCumns 56 t o  7 5  on 
Ca/td 5 0 6  Set 7-HG. 
Set 8 - RAIN Set 8 - RAIN 
Card Card Format . Description Variable Default 
Number Column Name Value 
3 *** The uba ~ u p p f i e d  hyetogllaph A e n t a e d  *** 
i n  W carrd. 16 f i a e  me make than  8 
d a t a  v d u e s ,  e n t a  f i e .  on bucceeding 
cmh. T f u h  c m d  LA needed o n l y  when 
Opfion " 7" .& e n t a e d  i n  Column 5 ( R A I N 1  
06  CMd 7 06 $kid .bet. 16 tl 'Ion, " 2 "  OJt 
"3" A e n t a e d  i n  that column, t h  c d  
m u b t  be o m i t t e d .  
1-10 F1O.O Hyetograph values i n  in. (mm) RR( None 
for successive time intervals 
11-20 F1O.O DELT. A value i s  entered in  each 
10 column space with a maximum of 
8 ' values per card. Sufficient 
cards are used to  specify the entire 
hyetograph. 

4.2 Example I n p u t  Da ta  
The i n p u t  d a t a  f o r  t h e  d e s i g n  of t h e  sewers  of a  d r a i n a g e  b a s i n  u s i n g  
ILSD-1 and E n g l i s h  u n i t s  i s  g i v e n  i n  t h e  f o l l o w i n g  a s  a n  example. The 
d r a i n a g e  b a s i n  i s  l o c a t e d  a t  Goodwin Avenue, Urbana,  I l l i n o i s  shown i n  
Fig .  11. The d a t a  concern ing  t h e  ca tchments  a r e  summarized i n  T a b l e  3.  The 
catchments  a r e  i d e n t i f i e d  by t h e  number of t h e  manholes they  d r a i n  i n t o .  The 
sewer  sys tem i n p u t  d a t a  a r e  summarized i n  Tab le  4. I n l e t  hydrographs  a r e  
g e n e r a t e d  from r a i n f a l l  f o r  on ly  f o u r  ca tchments  (No. 21,  41 ,  6 1 ,  and 71).  
Ra in  Opt ion 0 i s  used and t h e  i n t e n s i t y  formula  i s  
where t h e  d e s i g n  r e t u r n  p e r i o d  Tr i s  5 y e a r s  and t h e  d u r a t i o n  t d  i s  i n  
minutes.  A s  a  s i m p l e  i l l u s t r a t i o n ,  t h e  i n l e t  hydrographs f o r  o t h e r  i n l e t s  a r e  
assumed known, t r i a n g u l a r  i n  shape w i t h  t h e  peak d i s c h a r g e  and t ime t o  peak 
(PT i n  Fig .  8 )  g i v e n  i n  Table  4 ,  whereas t h e  i n i t i a l  t ime (TALI i n  F i g .  8 )  i s  
z e r o .  
The c o s t  o p t i o n  used i s  Opt ion  1 ,  u s e r  s u p p l i e d  c o s t  t a b l e s .  There  a r e  
two c l a s s e s  of p i p e s ,  each has  11 d i f f e r e n t  s i z e s .  There  a r e  two t y p e s  of 
s o i l  i n  t h e  b a s i n ,  t y p e  1  - s o f t  s o i l ,  and t y p e  2  - hard  s o i l .  For  each s o i l  
t h e r e  a r e  t h r e e  d i f f e r e n t  e x c a v a t i o n  c o s t s  f o r  t h r e e  d i f f e r e n t  dep th  ranges .  
I t  i s  d e s i r e d  t o  p r i n t  t h e  c o s t  t a b l e s  i n  t h e  computer o u t p u t .  
The i n p u t  d a t a  f o r  t h e  example a r e  a r ranged  a c c o r d i n g  t o  t h e  i n p u t  d a t a  
fo rmat  d e s c r i b e d  i n  S e c t i o n  4.1 and l i s t e d  i n  Table  5 .  
200' 400' - ,7/5 ' 
-- -




Fig .  11. Goodwin Avenue Drainage Basin a t  Urbana, I l l i n o i s  
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Table  4. I n p u t  sewer d a t a  f o r  example d ra inage  b a s i n  
Manhole Number Ground Sewer Peak Time t o  
Upstream Downstream E l e v a t i o n  a t  Length Flow Qr, Peak,  t c  
Upstream Manhole 
f  t f  t c f s  m i  n  
3 2 4 1 
33 4 1 
4 1 5 1 
742 5 1 
5 1 61 
5 2 61 
5 3 6 1 
6 1 7 1 
7 1 8 1 
81 ( o u t l e t )  
A d d i t i o n a l  I n p u t  Data:  
Minimum i n v e r t  e l e v a t i o n  a t  O u t l e t  (81) = 705.5 
Minimum S o i l  Cover Depth = 3.5 f t  
V e l o c i t y  C o n s t r a i n t s :  Vmax = 20.0 f p s  
V m i n  = 2.0 f p s  
Manning's n  = 0.014 
Number of L a t t i c e  P o i n t s  = 7 
I n i t i a l  S t a t e  Increment = 2.0 f t  
Minimum S t a t e  Increment = 0.05 f t  
Time Increment = 1 min 
T o t a l  Time f o r  Rout ing  Computations = 59 min 
Hydrograph I n i t i a l  Base Time TAU = 0.0 f o r  a l l  manholes w i t h  i n p u t  i n l e t  
hydr ogr aphs 
Hydrograph Base Flow QB = 0.1 cf s f o r  a l l  manholes w i t h  i n p u t  i n l e t  
hydrographs 
D e t e n t i o n  s t o r a g e  i s  allowed a t  Manhole 41 w i t h  a  maximum s t o r a g e  volume = 
50000 cu f t ;  and a t  t h i s  l o c a t i o n ,  s o f t  s o i l  ( t y p e  1) covers  t h e  t o p  
7 f t ,  below which i s  hard s o i l .  The d e t e n t i o n  s t o r a g e  c o s t  i s  $2 p e r  
cu f t .  
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